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THE EFFECTS, ON CALCIUM AND PHOSPHORUS METAB¬ 
OLISM IN DAIRY COWS, OP FEEDING LOW-CALCIUM 
RATIONS FOR LONG PERIODS = 


By Edward B. Metgs, senior physiologist, William A. Turner, associate chefrdsi, 
Edward A. Kane, assistant chemist, and Leo A. Shinn, junior chemist, Division 
of Dairy Research Laboratories, Bureau of Dairy Industry, United States Depart¬ 
ment of Agriculture^ 

INTRODUCTION 

A study of the numerous experiments in which calcium and phos¬ 
phorus balances of dairy cows have been determined during the last 
25 years gives a confusing impression. Some of the experiments indi¬ 
cate that cows readily lose these elements from their bodies, and are 
likely to lose them at a rapid rate if they are giving any considerable 
cpiantity of milk. Thus, Hart, McCollum, and Humphrey (Of ob¬ 
tained results in 1909 which would indicate that a cow” giving from 
12 to 18 kg of milk daily and fed on rations low in calcium lost about 
2 kg of calcium from her body in the course of 111 days, or more than 
25 percent of all the calcium her body might have been expected to 
contain. Since then the calcium and phosphorus metabolism of 
dairy cows has been studied in many experiments at several American 
experiment stations. The results of the earlier experiments at Belts- 
ville, Md. (15), and of later ones at the Wisconsin (7) and Beltsville 
(28) Stations indicate (1) that milking cows are likely to be losing 
calcium from their bodies even when their rations contain large 
amounts of calcium, (2) that on rations low in calcium, the losses are 
likely to be larger, and (3) that it is probably difficult to keep cows 
in calcium equilibrium when they are subjected to the usual dairy 
regime. The practical conclusion from such results is, of course, that 
it is wise to feed liberally milking cows on rations that contain large 
amounts of calcium. 

On the other hand, certain recent work at the Michigan (12) and 
Vermont (4) Stations indicates that mature cows which are fed for 
several years on rations low in calcium may readily assimilate enough 
calcium from such rations to supply what is needed for their milk, 
and may sometimes even be storing considerable amounts of it in 
their bodies. Some results of the Vermont work indicate also that 
calcium and phosphorus may be stored in proportions very different 
from those in which they are usually found in mammalian bone or 
in the mammalian body. 

1 Received for publication Mar. 7,1935; issued August 1935. 

2 The writers acknowledge the help given by P. E. Howe, O. G. Hankins, N. R. Ellis, and other mem¬ 
bers of the Bureau of Animal Industry, U. S. Department of Agriculture. The work would have been 
difficult or impossible without the advice and help received from them on all the details of the slaughter 
analyses. 

3 Reference is made by number (italic) to Literature Cited, p. 24. 
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In eaiTyiiig out balance experiments which extend over long periods 
it is not kasT to avoid small errors in sampling and making analyses 
which might accn’miilate in the course of the experiment and appear* 
in the final results as large distortions of the total quantities of (uilciiiin 
and phosphorus assimifated. Some of the Vermont results suggest 
strongly to anyone familiar with the usual proportions of calciuni 
and phosphorus in body and bone that such errors have occurred. 
It seems possible also that such errors may partly explain the sur¬ 
prisingly large losses of calcium and phosphorus that appear to have 
occurred in other balance experiments. 

It does not seem justifiable, however, to discard on mere suspicion 
the results of the great amount of work represented by balance 
experiments. Fortunately, analyses of the whole bodies of cattle 
provide a satisfactoi*}^ though laborious method of checking many 
aspects of the balance experiments. There already exists a large 
amount of information which throws much light on the limits of 
variability in the normal calcium and phosphorus content of the 
bovine body and bone. 

In the present study the results of previous body analyses of cattle 
have been used in conjunction with the results of new experiments to 
make a beginning toward showing how far the normal quantities of 
calcium and phosphorus in bodj^ and bone are likely to be altered by 
subjecting the animals to long periods on rations low in calcium. 

OUTLINE OF STUDY 

The experimental work to be described and discussed may be 
divided into three groups. 

In the first group the calcium intake in the feed and the calcium out¬ 
put in the milk and calves of cows was recorded over long periods, at 
the end of which the animals either died naturally or were slaughtered. 
Analyses were then made of several of the bones of the cows, and a 
rough attempt was made to estimate whether the feeding of rations 
low in calcium had any tendency to reduce the weight of the bones 
in relation to that of the rest of the body. 

But, as this method of estimating changes in the calcium and phos¬ 
phorus content of the body is unsatisfactory for many reasons, a 
second group of experiments wms carried out in which the intake of 
calciiiin in the feed and the output through the milk and calves of 
three cows over periods of several years was determined. Two of 
these cows were on rations containing liberal proportions of alfalfa 
hay and the third was on a ration of grain with timothy hay as the 
sole roughage. At the end of the experimental period the three cows 
were slaughtered, and determinations were made of the calcium, 
phosphorus, fat, nitrogen, ash, and water in their entire bodies. 

A third group of experiments consisted in determining the calcium 
and phosphorus balances of cows which had been on low-calcium 
rations for over a year, and were still on low-calcium rations at the 
time the balances were determined. 

PREVIOUS BODY ANALYSES OF CATTLE 

Determinations of fat, calcium, phosphorus, and other mineral 
elements m the bodies of cattle were carried out many years ago by 
Lawes and Gilbert of Great Britain (I^), and much more recently by 
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Trowbridge, Moulton, Haigh, Hogan, and others at the Missouri 
Agricultural Experiment Station (5, 11, 16, 17, IS, 19, ^3). In the 
Missouri investigation the animals were fed in various ways, though 
not in ways that would be expected to produce any very marked 
changes^ in the calcium and phosphorus content of the body. A 
study of the results, however, throws much light on the relationship 
between the calcium and phosphorus content of the bodies of cattle, 
and on the variations which are to be expected in the calcium, phos- 
phorus,_ and fat content at different ages and under different condi¬ 
tions of feeding. 

The American investigations were much more extensive than the 
British ones and will be considered first. Hogan and Nierman {11) 
give figures for analyses of a few embryos, a number of calves 
slaughtered at various ages from just after birth to 8 months old, 
and a number of steers about 4 years old. The animals were fed on 
rations which were generally similar in make-up to rations fed under 
good conditions of farm practice, and all contained fairly liberal 
proportions of calcium. Three planes of nutrition were used, how¬ 
ever, for the study; the first, high enough to permit marked fattening; 
the second, sufficient to permit good growth without much fattening; 
and the third, so low that growth as well as fattening was considerably 
restricted. The results show that while the body fat varies greatly 
according to the plane of nutrition, the percentages of calcium and 
phosphorus in the fat-free bodies of the animals are little affected. 
This point is brought out by the figures in table 1. The thin animals 
have only about one-third as much fat in their bodies as the fat ones, 
but about 1.6 times as much calcium and phosphorus. The calcium 
and phosphorus content of the fat-free bodies, on the other hand, 
varies comparative^ little, there being less than 10 percent difference 
between the highest and the lowest figures for either element. 

Table 1.— Average calcium., ‘phosphorus, and fat m the ichole bodies and in the 
fat-free bodies of steers from J/J to months old fed at different planes of nutriiioiA 


IN WHOLE BODIES 


Plane of nutrition 

Calcium 

■ Phosphorus 

Fat 

High. ....... 

Percent 

0. 98 

Percent 

1 0 ,53 

Percent 

44. 21 

Medium.. __ ..... 

1. 51 

.80 

20.43 

Low______ ___ 

1. 59 

.84 

14.66 



IN FAT-FREE BODIES 


High--.-...... 

1.75 

0.94. 


Medium ... .. __ 

1.90 

1.86 

1.01 


Low -. .... 

1 .99 






1 The figures for calcium and phosphorus are from Missouri Research Bulletin 107 (11); those for fat are 
from Missouri Research Bulletin 55 (18). 


The manner in which the calcium and phosphorus content changes 
with advancing age in the fat-free bodies and in the fat-free soft 
tissues of cattle, as brought out by calculations from the Missouri 
data, is shown in table 2. 
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Table 2.-~~Colcitun and phosphorus in fat-free bodies and jat-Jree sojt tissues of 
caille at various ages, as calculated from Missouri data 


FAT-FREE BODIES i 


Kind, and apee of animal 

Calcium 

Phosr>horus 


Percent 

Percent 

Fetus. 232 day^ old_ 

0. 879 

0.493 

Xew-bora calves divenisie of 5)-- 

1.241 

.708 

Steers ('averae:e of 9, 3 to S months old)--- - -- -- 

1.453 

.840 

Steers taverage of 9, 40 to 4S months old')- - 

1 838 , 

.978 


FAT-FREE SOFT TISSUES 


Steers diveraife of 3): 




0.022 

O.ISG 


022 

170 

Tnoiitii? old--- 

.021 

.159 

40 months old----- 

.010 

. 140 

44 naiTiths old _ .. ... _ ~ _ _ 

. 01 fi 

.144 

48 months old.-_ _ 

.017 

. 143 


* Calculated i'rnni Alissouri data (ll). 

- Calculated from ^Missouri data (//, IS). 


Table 2 shows that the percentage of calcium and of phosphorus 
in the fat-free bodies of cattle tends to increase materially up to the 
period of iiiaturity. Experiments like those which are to be described 
in this paper should, therefore, be confined to mature cattle. Table 2 
also shows that the percentage of calcium and of phosphorus in the 
fat-free soft tissues of cattle is small and fairly constant, but that both 
the calcium and phosphorus tend to decrease with advancing age. 

Still other points of interest brought out by the figures in table 2 
are that the calcium content of the soft tissues of cattle is very small; 
that the phosphorus content is larger, but still only a rather small 
fraction of that contained in the bones; and that the ratio between 
the calcium and phosphorus contained in the whole body tends to 
be fairly constant. The calcium contained in the soft tissues of 
mature steers is less than 1 percent of that contained in the whole 
body, while the phosphorus in the soft tissues is about 15 percent of 
the total. The approach to constancy of the Ca/P ratio in the whole 
body is dependent on the still more^ nearly constant Ca/P ratio in 
bone. In the whole series of animals whose bone analyses are given 
by Hogan and Nierman (11), the Ca/P ratio did not fall below 2:1 
or rise above 2.14:1 for the skeleton of any single animal. These 
figures are a little lower and a little less constant than they might be 
because of the fact that the skeletons were only roughly cleaned. In 
the carefully cleaned bones used in the investigation by Hartman and 
Meigs (S), the Ca/P ratio did not rise above 2.23:1 or fall below 2.14:1 
for any single bone. 

The effects of advancing age and of rations containing different 
amounts of calcium and phosphorus, on the relative amounts of 
various mineral elements in bones, have been studied by Neal, Palmer, 
Eekles, and Gulliekson_ (^0), and by Henderson and Weakley (9). 
The^ former group of investigators found that the ratio between 
calcium phosphate mid calcium carbonate in bone decreases with 
advancing age and is also reduced- bv feeding rations low in phos¬ 
phorus. The changes, though definite, are not very large, and would 
not produce any very great change in the ratio between the total 
calcium and the total phosphorus of the bone. 











July I, i93fi Efects of Feeding Low-Caleium Ratims to Bainj Cotos 5 


Henderson and Weakley (9) give figures for the total caleiuin and 
total phosphorus of the bones of cattle at various ages, that had 
been fed rations containing various amounts of calcium and phos¬ 
phorus. . Their results are in entire general agreement with those 
of Neal and his collaborators in showing that there is slightlv more 
calcium in relation to phosphorus in the bones of older cattle'^ancl in 
those of cattle fed on rations low in phosphorus, but the diffej-euces 
are very small. Table 3 gives figures for the. Ca/P ratios calculated 
from the data of Henderson and Weakley. These ratios do not fall 
below 2.06:1 nor rise above 2.20:1 in any case. The Ca P ratio is 
obviously more affected by changes in age than by changes in feeding. 


Table 3. —The calchim-xjhosphoriis ratio in the bo7ies of cattle at various ages, that 
had been fed on rations containing various amounts of calcium and phosphorus, as 
calculated from the data of Henderson and Weakleg {9} 


Character of ration 

Ca/P ratio in bones of cattle, at— 

Average 

S months 

13 months 

19 months 

25 months 

Normal..... 

2.09 
2.00 
2.10 
2. OS 

2.12 
2.10 
2.13 
2.10 

2.10 

2.11 

2.19 

2.15 
2.14 
2.17 

2. 20 

2. U 
2.10 
2.15 
2.14 

Low in calcium______ 

Low in phosphorus____ 

Low in both calcium and phosphorus..... 

Average...... 

2. OS 

2. 11 

_ 

2.14 

2. IH 





The studies made by Lawes and Gilbert (14) on cattle were much 
less extensive than those at the Missouri Station. As far as they go, 
however, they agree very closely \nth the Missouri results. Table 4 
shows how close this agreement is for the calcium and phosphorus 
content of the fat-free bodies of cattle at different ages. 

Lawes and Gilbert give no figures for the composition of the 
separated skeletons and soft tissues of their animals, but, by assuming 
that the soft tissues of their animals had the usual calcium content 
and that the bones had the usual proportional weight and Ca/P ratio, 
the phosphorus of the soft tissues can be estimated. The results of 
such calculations indicate that their animals had very nearly the same 
percentages of phosphorus in their fat-free soft tissues as the corre¬ 
sponding animals of the Missouri investigation. 


Table 4. —Average calcium, phosphorus, and fat in whole bodies and in fni-free 
bodies of cattle at about 3 months of age and at about years of age. as indicated by 
'3 investigations 


Investigation 

Calves, at about 3 months of age 

1 

0.\en, at about 4 years of age 

Whole bodies 

Fat-free bodies 

Whole bodies 

Fat-free bodies 

Cal- i 
cium 

Phos¬ 

phorus 

Fat 

Cal¬ 
cium ] 

Phos¬ 

phorus 

Cal¬ 

cium 

Phos- 1 
phorus 1 

; Fat ’ 

i Cal- 1 Phos- 
1 eiimi ].)horus 

i ‘ 

Lawes and Gilbert 

(4)- 

A'lissouri... _ 

Percent 
1. 18 
1.34 

Percent 

0.07 

.78 

1 

Percent 
14.80 i 
7.15 

i 

Percent 
1. 38 j 
1.44 

Percent 

0.79 

.84 

Percent 

1.39 

1.36 

i 

Percent 
0.74 i 
.72 

i 

Percent 
i 24.60 ! 
t 26.5G ^ 

1 

1 i 

Percent \ Percent 

1.84 1 0.9S 

1.85 1 .98 
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There is a very satisfactory agTeeinent, ^ therefore^ between the 
older British and the newer American investigations. From a study 
of the figures one gets the impression that the methods of determining 
calcium and phosphorus in the tissues of cattle were quite adequate 
as far back as 1859, and that Lawes and Gilbert were able to determine 
these elements vitli just about the same degree of accuracy as can be 
attained at the present time. One gets the impression also that the 
calcium and phosphorus content of the tissues of cattle varies only 
within narrow limits and according to certain definite laws. 

This impression is strengthened b}^ the fact that results very 
similar to those just discussed have been obtained in numerous 
investigations of the composition of the whole bodies of other species 
of animals, and of particular tissues of cattle as well as of other animals. 
It is not necessary to describe these at length, but it may be mentioned 
that Sherman (24, 2o) has shown that the proportional amounts of 
calcium and phosphorus in the bodies of rats increase with advancing 
age and that Katz (18) has obtained figures for the phosphorus con¬ 
tent of ox and calf muscle which are very similar to those found in the 
Missouri inAmstigations. Katz found 0.170 percent of phosphorus in 
ox muscle and 0.220 percent in calf muscle. 

EXPERIMENTS IN GROUP 1 

PRELIMINARY ESTIAIATES OF CALCIUM ASSIMILATION IN LONG-CONTINUED FEED¬ 
ING EXPERIMENTS FOLLOWED BY SLAUGHTER AND BONE ANALYSIS 

The work reported in this section is a continuation and enlargement 
of work already published (8). The procedure employed has been 
fulK described (8), and need only be outlined here. In the tabulated 
results the breed of all cows at the BeltsA^ille Station is indicated by 
their numbers. Those numbered from 1 to 99 and from 300 to 399 
are grade Jerseys; those numbered from 100 to 199, grade Holsteins; 
those numbered from iOO to 299, registered Holstein-Friesians; and 
those numbered from 400 to 499, registered Jerseys. The grain 
mixtures used are described in table 5. 


Table 5. —Composition of grain mixtures ^ used in the group 1 experiments 


Grain ration no. 

Corn 

meal 

Wheat 

bran 

Cotton¬ 
seed meal 

Soybean 

meal 

Linseed 

meal 

Salt 

50_____; 

Parts 

40 

30 

40 

1 30 

1 40 

Parts 

30 j 
20 
30 I 
20 
40 

Parts 

20 

! 25 

Parts 

Parts 

10 

25 

10 

25 

20 

Parts 

1 

1 

1 

1 

1 

55....... 

20 ' 
25 

on..,... 

65...... _ 


75...... 

!- 


1. 



i The corn meal used throughout the experiments was yellow. The oil meals had their fat extracted by 
the old process, that is, without fat solvents. 
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The calcium intake in the food of cows and the output through 
their milk and calves was determined for periods of from 1 to 6 years. 
At the end of these periods the cows either died or were slaughtered, 
and some of their bones were carefully cleaned, weighed, and analyzed. 
Some of the cows received liberal amounts of alfalfa hay in the exper¬ 
imental periods; others received only timothy hay or timothy hay 
and corn silage as roughage. From the figuresl'or the calcium intake 
and output determined as above described, the percentage of food 
calcium utilized for the production of milk and calves can be calcu¬ 
lated; the result has been called the “percentage calcium assimila¬ 
tion.” This_result,_ however, does not represent the true percentage 
of food calcium utilized, unless it can be assumed that calcium Is 
neither gained nor lost by the body during the experimental period. 
In order to obtain an idea of how much calcium is likely to be lost by 
the body of a cow in a period of 2 or 3 years on tiniotliy hay, studies 
of the bones of cows have been made as above outlined after periods 
on timothy and on alfalfa, respectively. These studies suggest that 
the losses on timothy are not likely to be large enough seriously to 
vitiate the determinations of percentage calcium assimilation in periods 
lasting more than 2 years, but the results obtained in the experiments 
under consideration are only approximate and leave many questions 
to be answered by the later complete slaughter analyses. 

Tables 6 to 9 give a summary of the results already published, 
together with the results of new e.xperiments to be described later. 

Table 6. —Ratio of bone weight to body weight in cows when fed alfalfa hay or 

timothy hay 

ALFALFA HAY 


Cow no. 

Ratio of boi 
body we 

Long: bones 

le weight to 
ight in— 

Ribs 

17 . ..-.. 

0. 00545 

1 0.00191 

S4......... 

. 00555 

.00186 

UO ...-.-__ _ _-.... 

.00570 

.0016S 

N202 ..-__ ___ 

.00021 

.00176 

458.-........ 

. 00546 

. 001S5 

Averaiie - -__ _ -- __-. 

. 00569 

.OOISI 





TIMOTHY HAY 


i 

N401 - - - ..—-...-i 

0. 00589 
. 00491 
. 00525 


429- - __ _____ 

; 0.00155 

.00155 

499 _____-' 

Average.-....-. 

.00535 

.00155 
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Table 7. — Total amounts of feed and of calcium from the various feeds consumed 
hy the cows when fed rations containing or lacking alfalfa hay 

RATIONS CONTAINING ALFALFA HAY 


Feed and. calcium consumed 


Cow no. 

Experimental feeding 
period 

Grain 

Alfalfa 

Timothy 

Silage 

Total 

Oalei- 

iim 

Total 

Calci¬ 

um 

Total 

Calci¬ 

um 

Total 

Calci¬ 

um 

S4_ 

N202 2_' 

^ ,Tan. 1,1927, to Oct. 2S, 19,32.. J 
Jan. 1,1927, to Aug. 20,1929. 
Jan. 1,1927, to Jan. 13,1933.. 

Kilo¬ 
grams 
• 1 10,758 

3 5,113 

1 « 12,053 

Kilo¬ 

grams 

12.6 

6.6 

1 15.4 
! 

Kilo¬ 

grams 

9,158 
4, S92 
11,057 

Kilo¬ 
grams 
124. 9 
62.2 
152.7 

Kilo¬ 
grams 
1, 616 

Kilo¬ 
grams 
5.1 

Kilo¬ 
grams 
8,225 

KiLc- 
gra rns 
8.2 

4 .is . 

1,846 

5.8 







RATIONS CONTAINING NO LEGUME HAA^ 


54.... 

.1 Nov. 1,1924, to Jan. 31,1927. 

3 4,899 

7.9 



2,852 

8.2 

5,335 

5.2 

N401- 

.! Apr. 1, 1929, to Dec. 24,1931. 

6,457 

13.3 



4' 651 

17.9 


429... 

.1 Dec. 1,1924, to .May 31,1927. 

3 5,828 

9.3 

1 


3^283 

9.6 1 

5,819 

5.7 

450... 

.' Oct, 1,' 1925, to Nov. 30' 1926. 

5 2, 011 

3.2 



1,678 

4.8 


456--- 

.! Aug. 1,1924, to Mar. 31, 1927. 

3 4,767 

7.6 



3, 240 

9.2 

4,972 

4. 9 

499— 

.; Oct. 1, 1927, to Dec. 16,1932. 

« 12, Sol 

24.8 


i 

7, 532 

22.9 









i 



1 6,5^5 ks p{ grain 50, and 4,163 kg of grain 60. 

- In addition to grain and hay, cow N202 consumed 3,576 kg of beets and 377 kg of beet pulp in the experi¬ 
mental period, containing 3 kg of calcium. 

Grain 60. 

^ 11,017 kg of grain 60, and 135 kg of grain 75. 

5 Grain 5.'. 

8 Grain 65, 


Table 8.— Intake and outgo of calcium and percentage of calcium assimilated by 
cows fed various rations 


Cow no. Ration 

Length of 
period 

Total calcium in— 

Calcium 
assimi¬ 
lated 1 

Total 

milk 

yield 

Food 

Milk 

Calves 

84-..' Grain, alfalfa, timothy, silage. 

N202-- Grain, alfalfa, beets, beet pulp. 

458.Grain, alfalfa, timothy_ 

54...; Grain, Timothy, silase_ 

N401.: Grain, timothv.. 

429.i Grain, timothy, silage_i 

450.-i Grain, timothy.....i 

456.! Grain, timothy, silage.! 

1 

Days 
2.128 
i 903 

i 2,205 

i g22 

998 
912 

1 427 

973 

1 1,904 

Kilograms 

150.8 
68.8 

173.9 
21.3 
,31.2 

24.6 
8.0 

21.7 

1 47.7 

Kilograms 
17.47 
7.69 
28.79 
5.85 

1 11.99 

10,82 
! 2.42 

6.45 

[ 21.27 ' 

Kilograms 
1.67 

1.33 
1.39 
.36 

* .85 

.61 
.21 

^ .61 

1 1.43 

i 

Percent 

12.7 

13.1 1 

1 17.4 1 

29.2 ! 

! 41.2 

46.5 
32.9 

32.5 
! 47.6 

i 1 

Kitogra ms 
i3,929 
6,866 
18, 599 
5,851 
8,046 
S, 260 
1, 731 
4, CIO 
14, 598 


1 Pereentuge of calcium assimilated = — and cal ves 
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Table ^.—Coni'position of fresh clean hones of cows that had been fed rations 
containing alfalfa hay and rations containing no legume hay^ respectively 

GRAlxN- AND ALFALFA HAY 


Cow no. 

Ash 

Calcium 

Phosphorus 

Protein ^ 

Water 

Ca/P ratio 

Long 

bones 

Ribs 

Long 

bones 

Ribs 

Long 

bones 

Riba 

Long 

bones 

Ribs 

Long 

bones 

Riba 


j 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 



cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

j 

17_ 

48. 6 

51.4 

18.8 

19.8 

8.7 

9.1 

20.3 

24.9 

IS. 5 

17.7 

2.16 2. IS 

90--..-.. 

46.8 

47.1 

18. 1 

18.2 

8.4 

8.4 

20.6 

23.7 

11.7 

16.0 

2.15 2.17 

N202.. 

47.4 

51. (J 

18.8 

19.4 

8.7 

9.2 

20.4 

24.4 

12. 3 

14.7 

2. 16 ! 2.11 

Average. 

47. 6 

49.8 

18.6 

19.1 

8.6 

8.9 

20.4 

24.3 

14-2 

16.1 

2.16 2. 15 


GRAIN AND TIMOTHA^ HAY 


N401. 

46.5 

43.1 

17. S 

16.4 

8.5 

7.8 

20.7 

23.6 12.6 

i 

22. 0 i 2. 09 

2.10 

429. 

47.9 

46.2 

18.7 

IS. 2 

8.6 

8.2 

22.0 

25.2 i 12.2 

IS. 7 ! 2.17 

2. 22 

Average. 

47.2 

44.6 

18.2 

17.3 

8.5 1 

8.0 

21.3 

24.4 j 12.4 

i 20. s' 2.14 

i 1 

2.16 


1 NX«.25. 


The bones which were weighed and analyzed in the experiments 
under consideration were the radius and ulna, inetacarpus, tibia, 
metatarsus, and the tenth, eleventh, twelfth, and thirteenth ribs 
from one side of the body. The ratios of bone weight to body weight 
in table 6 were obtained by dividing the sum of the weights of the 
long bones and the sum of the weights of the ribs respectively by the 
body weights of the cows. The figures for body weight were ob¬ 
tained as in the original investigation by averaging the monthly 
weights of the cows for periods of 2 to 3 years before their deaths, 
omitting the weights for 4 months before and 2 months after calving. 

The figures in table 6 suggest that the loss of material from the 
long bones of cows fed for long periods on tunothy hay is very small. 
The loss from the ribs appears to be larger, but the results are too few 
to justify any positive conclusions. For this reason, the figures for 
calcium assimilation in table S have been calculated without making 
any allowance for possible loss of bone material during the experi¬ 
mental periods. This matter will be discussed after the results of the 
slaughter experiments have been given. The figures, as they stand, 
suggest that cows on timothy rations are likely to assimilate much 
larger proportions of the calcium intake than those on alfalfa rations. 

Table 9 gives the composition of the carefully cleaned bones of 
several cows which had been fed alfalfa and timothy rations, respec¬ 
tively, for long periods. The results show the strong tendency to\yard 
constancy in bone composition, and particularly the constancy of the 
Ca/P ratio. The results also suggest that the ribs are affected more 
than the long bones by rations low in calcium. The figures in table 
9 show that the percentages of ash, calcium, and phosphorus were 
only slightly lower in the long bones of the cows fed timothy than 
in those of the cows fed alfalfa, whereas these percentages in the ribs 
of the cows fed timothy were considerably lower. 

While these somewhat fragmentaiy studies of the bones of cattle 
that have been fed different rations for long periods suggest that long 
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periods on rations low in calcium have only a rathesr small effect on 
the weight and composition of the bones, such studies are ^obviously 
niiich less satisfactory than would be the determination of the total 
quantities of calcium, phosphorus, fat, and otlier materials in the 
whole bodies of cattle under such cmcumstances. The results of such 
determinations are given in the section following. 

EXPERIMENTS IN GROUP 2 

BELTSVILLE SLAUGHTER EXPERIMENT 

The three cows studied were nos. 84, 458, and 499. These cows 
were fed fairly uniform rations without pasture for approximately 6 
3 ’ears before they w'ere slaughtered. The percentage of calcium as¬ 
similated during the experimental periods wms determined according 
to methods previouslA' outlined (8). The results along with those of 
other cow^s subjected to somew^hat similar treatment are given in 
table 8. Onk a few’ details need be added here. 

Cow’ 84, born October 11, 1917, wms started on the experiment 
January 1, 1927, on a moderately high-calcium ration, receiving grain 
50, alfalfa hay, and corn silage until April 1931. From then to Au¬ 
gust 1931, she received several different rations containing grain 50, 
grain 60, alfalfa hay, timothy hay, and corn silage. From August 
I 931 to the date of slaughter, she received grain 60, alfalfa hay, and 
timothy lui}'. Her average daily calcium intake was 70.9 g. Her last 
calf w’as born October 15, 1932; she wms slaughtered October 28, 
1932, and w'eighed 399.6 kg just before slaughter. 

Cow’ 458, born June 20,1921, wms started on the experiment Janu- 
aiT 1, 1927, on a high-calcium ration, receiving grain 60 and alfalfa 
hay through ]SIay 1931. From then until September 1932 she re¬ 
ceived grain 60 with alfalfa and timothy; and from then until the 
date of slaughter she received grain 60 with alfalfa hay alone. Her 
average daily calcium intake was 78.9 g. Her last calf was born 
December 6,1932; she wms slaughtered January 13, 1933, and weighed 
394.1 kg just before slaughter. 

Cow’ 499, born April 29, 1923, was started on the experiment Octo¬ 
ber 1, 1927, on a low’-calcium ration, receiving grain 65 and timotliy 
hay until the date of slaughter. Her average daily calcium intake 
w’as 25.1 g. Her last calf was born November 19, 1932; she was 
slaughtered December 16, 1932, and weighed 432.6 kg just before 
slaughter. 

AU hay fed to these three cow’s wms U. S. No. 1 grade (£1). The 
calciimi content of the grain and silage fed was calculated by multi¬ 
plying the total consumption by average figures for the calcium con¬ 
tent of grain and silage, obtained from a number of analyses of samples 
of these feeds used at the Beltsville Station. Each batch of hay 
bought w’as analyzed, and the calcium content of the amount of this 
batch consumed by each cow was calculated from this analysis. It 
w'as thought better to follow’ this more laborious procedure with the 
hay on account of the greater variability in its composition. 

The milk of each of the three cow’s was analyzed a number of times, 
and the averages of these analyses for each cow^ w^ere used in calcii- 
Mmg the calcium content of lier milk. Table 10 gives some of the 
details regarding these analyses, and also a comparison of some of 
the Beltsville figures for the feeds wnth the average figures given by 
Hemw and Aforrison (10). ^ ^ j 
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Table 10.~-~Data regardinq the calcium analgses of the feed o.nd milk of coirs 
458, and 490 in the experimental 2^eriods previous to slaughter 


Material analyzed 


Calcium found in Beitsville analyses 

Average 

calciuni 

Analyses 

Alaximum 

Jvlininuim i 

1 1 

Average ! 

figures of 
Henry and 
Morrison ^ 


Number 

Percent 

1 

Percent \ 

Percent i 

Percent 

Alfalfa liay__ 

27 

2.400 

0.902 i 

i 1.424 1 

1.393 

Timothy hay___ 

20 

.564 

.175 

.322 i 

. 179 

Grain 50___ ___ 

5 

.129 

.093 

. Ill 

.112 

Grain 60, .. . _ .. 

35 

. 157 

. 102 

.128 
. 193 


Grain 65_____ 

IS 

.233 

. 171 


Corn silage____ 

4 

. 104 

.093 

. 100 


Milk from— 

Cow 84_ __ _ 

5 

.131 

. 114 

. 125 


Cow 458__ .... 

5 

.158 
. 157 

. 148 

. 155 


Cow 499__ 

14 

.134 

.140 

j 



! 


1 Henry and Morrison (10) give no figures for soybean meal from whieh the fat has been extracted, or for 
corn silage. 


The animals were slaughtered in the usual manner by a blow on 
the head followed by bleeding. The blood was collected in a tub and 
weighed. To determine its composition samples were obtained 
shortly before slaughter and anal 3 ^zed. 

After the animals had been drained of blood, the hides were re¬ 
moved and weighed. Representative samples were then cut from 
them as described by Small {26, 27). These were cut with safety- 
razor blades into small pieces, from which samples were taken and 
analyzed. 

From the skinned carcasses the heads, tails, lower leg joints, and 
abdominal and thoracic organs were removed. The remainder was 
sawed very carefully into two equal halves down the middle of the 
back bone. Each of these halves was weighed and placed in the 
cooler. 

The intestinal tract was tied off at each end before it was removed 
from the body. After it was removed, it was weighed together with 
its contents. The contents were then washed out, the empty tract 
weiglied, and the weight of the contents obtained b}^ the difference. 

Of the organs, the liver, kidneys, and intestinal tract were weighed 
and analyzed separately. All the other organs and the nervous S 3 ^s- 
tem were weighed, ground up, and analyzed as one sample, called 
‘^miscellaneous organs'^ in the tables. 

Three samples of meat were weighed^ and analyzed separately; 
namely, the ninth, tenth, and eleventh rib cut, minus^ the so-called 
“eye” from this cut, the “eye”, and the round steak from the hind 
quarter. The greater part of the rest of the meat and fat from one 
side of the carcass was weighed and analyzed as one sample. Before 
the carcass was cut up, however, the kidney and bed fat were removed 
and weighed as a separate sample. 

The meat was roughly separated from the bones of the head, tail, 
and lower leg joints and put into the sample called “miscellaneous 
meat and fat.” The same procedure was followed with the bones 
from the carcass. The radius and ulna, tibia, metacarpus, metatarsus, 
and the tenth, eleventh, twelfth, and thirteenth ribs of the carcass 
bones were carefully cleaned and weighed in the green state. Their 
weights were compared with the body weights; the results of the com- 
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parison are given in table 6. The other bones of the carcass were 
onlj^ roughly cleaned with a knife. All the roughly cleaned bones were 
boiied for some time, after which most of the adhering meat, fat, 
tendon, etc., was easily removed. This material was added to the 
“miscellaneous meat and fat”, while the bones thus cleaned were 
united with the carefully cleaned bones, and the whole sample was 
ground and analyzed. This is the portion called “bones” in table 11. 

The hoofs were removed from the lower leg by heating in boiling 
water, and separately analyzed. 

The percentage composition of the parts into which the cows were 
divided and the percentage composition of the live empty weight and 
of the fat-free empty weight are given in table 11. The following 
description will show how these figures were obtained and how they 
are to be interpreted. 

The cows were given no food for 24 hours before slaughter. Each 
was weighed just before slaughter (p. 10). The live empty weight is 
obtained by subtracting the weight of the intestinal contents from the 
live weight just before slaughter. The fat-free empty weight is 
obtained by subtracting the weight of the total fat contained in the 
body from the live empty weight. 

The figures for the weights of the various parts of the body—bones, 
hide, and hair, etc.—give the w^eights of the parts as obtained just 
before samples were taken out for analysis, except that, in the case 
of parts taken from one side of the body only, as kidney, carcass meat, 
etc., these weights are multiplied by two. The figures for the per¬ 
centage composition of the parts give the composition of the parts as 
analyzed. The true weight of each constitutent—calcium, phos¬ 
phorus, etc.—of each part is, therefore, obtained by multiplying the 
weight of the part by the percentage figure and dividing by 100. The 
percentage of each constitutent in the live empty w^eight and in the 
fat-free empty weight is obtained by dividing the sum of the weights 
of that constituent in all the parts by the live empty weight, etc., 
and multiplying by 100. The figures for the composition of the live 
empty weight and of the fat-free empty weight, therefore, give the 
true percentage composition of these parts as constituents of the 
animal just before slaughter. 

The figures for the composition of all of the other parts, except the 
miscellaneous meat and fat and possibly the bones, are slightly higher 
than they would be in the live animal, because these parts lost some 
water in the processes of cooling and mincing or grinding for analysis. 
It was determined that the carcass lost about 3 percent of its weight 
during cooling. The situation is altered in the case of the miscellane¬ 
ous meat and fat and possibly the bones by the fact that the roughly 
cleaned bones were boiled and allowed to cool under water, and that 
the sott tissues thus removed from the bones were placed in the por¬ 
tion called miscellaneous meat and fat. The soft tissues adhering to 
the bones probably took up water during this process, and the figures 
for the composition of the miscellaneous meat and fat are, therefore 
probably lower than they would be in the live animal. 

The sum of the weights of all the parts of cow 84 is about 14 ko' 
lower than the live weight just before slaughter, while of the othe? 
two Pows the live weights are very nearly equal to the sums of the 
weights of the parts. It seems probable that this is due to the fact 
that more care was taken to remove the soft tissues from the bones 
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of cow 84 by means of the knife than in the other two cases. In her 
case, therefore, the sample called miscellaneous meat and fat is much 
smaller than in the other two cases, and the taking up of water by 
the portion of this sample that came from the roughly cleaned bones 
does not come so near to compensating for the loss of water by the 
other tissues during cooling. 

T. 4 .BLE 11 .—Weight and ‘percentage composition of body parts into U'hich coics 84, 
4o8, and 499 were divided for study 

cow 84 


Body or body part considered 

Weight 

Calcium 

Phos¬ 

phorus 

Ash 

Nitrogen 

Water 

Fat 


Kilograms 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Live empty weight- 

337.3 

1.76 

0.93 

5.24 

3.26 

62.91 

7.08 

Fat-free empty weight_ 

313.4 

1.90 

1.00 

5. 64 

3. 51 

67.71 


Intestinal contents T-.. 

62.3 





Bones.-.. 

36.2 

16.21 

7. 47 

41. 71 

3.28 

27.05 

9.48 

Hoofs—... 

.7 

.083 

. 055 

3. 9S 

10. 42 

34.04 

.21 

Hide and hair„._. 

27.2 

.014 

.037 

.55 

5. 72 

65. 75 

1.02 

Kidney and bed fat.. 

2.6 

.078 

. 174 

.73 

i 1.86 

; 37.38 

! 50.25 

Liver. 

7.5 

.008 

.311 

.90 

i 3.32 

j 74. OS 

I 2.95 

Kidneys.— 

1.4 

.013 

.214 , 

.90 

1 2.53 

j 79.12 

2. 90 

Intestinal tract.— 

26.3 

.022 

.134 1 

.70 

i 2.31 

1 79.72 

1 5.02 

Blood...- 

24.5 

.0067 

.0195 

.92 

i 2.61 

82. 36 

! . 00 

Miscellaneous organs. 

38.3 

.060 

.166 

.60 

i 2.26 

70. 92 

j 14.00 

Carcass meat.— 

133.9 

.013 

.182 

.95 

i 3.51 

70. 98 

i 5.60 

Rib cut minus eye.— 

3.2 

.012 

.174 1 

.70 

j 3.39 

68. 40 

S. 74 

Eye from rib cut.— 

1.5 

. 0055 

. 205 

1.00 

3.60 

76. 32 

1.02 

Round steak.. 

6.3 

. 0044 

.215 


3. 61 

73. 90 

' 2.51 

Miscellaneous meat and fat- 

13.6 

. 144 

.234 

2.12 

4.77 

1 

39. 96 

1 29.15 


cow 458 


Live empty weight..— 

Fat-free empty weight... 

343.4 
273.8 
50,7 

1.62 

2.04 

0.85 

1.07 

4.79 

6.01 

2.85 
3.57 

57.07 

71.58 

20. 27 

Intestinal contents. 


Bones... 

33.9 

16.22 

7.59 

41. 56 

3.15 

24.80 

10.83 

Hoofs.-.. 

.9 

.073 

.043 

.64 

11.20 

34.66 

.087 

Hide and hair.. 

26.5 

.022 

.052 

.83 

6.19 

62.99 

1.04 

Kidney and bed fat. 

10.6 

.0018 

.0076 

.13 

.39 

9.60 

87.12 

Liver—. 

6.2 

.0060 

.359 

1. 37 

3.49 

71.25 

4. 46 

Kidneys. 

1.3 

.0074 

.220 

1.09 

2.38 

79.89 

2.86 

Intestinal tract.. 

29. 1 

.031 

.118 I 

. 66 

2.76 

i 77.05 

10.08 

Blood..—.. 

21.3 i 

.0067 

.0175 

.93 

2.96 

1 79.7S 

.00 

M iscellaneous organs... 

44.2 

.024 

.060 

.65 

I 50 

' 47.48 ^ 

43.14 

Carcass meat_ 

121.4 

.0086 

.155 

.74; 

2.92 

1 61.50 , 

19.11 

Rib cut minus eye... 

3.4 

.016 

.097 

.65 i 

2.32 i 

47.62 ! 

1 30.62 

Eye from rib cut__ 

1. 1 

. 0052 

.220 ! 

1.13 

1 3.60 j 

71.06 

4.82 

Round steak- 

3.0 

.0048 

.219 ! 

1.05 

' 3.48 I 

' 72.70 

2.90 

Miscellaneous meat and fat_ 

41.3 

. 102 

. 1.32 

.92 

2.70 i 

59.15 

' 23.58 

1 


COW 499 


Live empty weight_ __ 

389.2 

275.2 
43.4 

1. 25 
1.74 

0.70 

.97 

I 26 

i 

2.50 ^ 
3.49 ; 

52.36 
73.03 

29.29 



Bones.- -- 

33.4 

14.12 

6.89 

36.69 i 

2.90 

! 27.10 i 

14.90 

Hoofs -- 

.9 

.063 1 

.036 

.52 : 

10. 64 

j 34.20 ; 

i .09 

Hide and hair. . . . 

29.0 

.016 

.036 

.81 

5. 5o 

; 67.14 

I 1.24 

Kidney and bed fat - 

9.1 

.0077 j 

.020 

.14 

-37 

5. 67 

i 92.46 

Liver—. . . . 

5.4 

.0045 

.372 

1.34 

3.49 

66.96 

8.71 

Kidneys. . - 

1.1 

.0098 

.194 

1.12 

2.35 i 

78.00 ^ 

1 4.08 

Intestinal tract_ 

26.0 

.013 

.096 

.59 , 

1.94 1 

77.82 

1 11.62 

Blood. - . — 

21.1 ! 

.0052 

.0202 1 

.95 i 

^ 2.9S i 

79.70 i 

.00 

Miscellaneous organs-- 

52.4 

.020 

.083 

.44 

1.10 j 

1 34.92 

1 55.14 

Carcass meat. 

167.5 

.0068 

.118 

.61 

2.37 i 

1 48.20 

! 36.94 

Rib cut minus eye. 

4.8 

.0068 

.076 j 

.38; 

1.70 i 

! 32.56 ; 

1 56.60 

Eye from rib cut.... 

1.5 

.0052 

.205 

1.00 1 

3.52 

I 68.60 ; 

1 8.25 

Round steak... 

4.6 

.0044 

.208 1 

1.03 ! 

3.61 

1 72.48 

i 3.46 

Miscellaneous meat and fat. 

32.4 

.094 

.115 i 

.62 1 

i 

2. 22 j 

77.82 1 

8.95 


The results of the analyses in table 11 will be discussed further in 
connection with the Missouri results, in the general discussion. 
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EXPERIMENTS IN GROUP 3 

BALANCE EXPERIMENTS WITH COWS THAT HAD BEEN FED TIMOTHY RATIONS FOR 

LONG PERIODS 

Ill work carried out at the Wisconsin and Beltsville Experiment 
Stations, and reyiewed a few years ago (lo), the calcium assimilation 
of cows fed alfalfa and timothy hay ranged from 5 to 28 percent of the 
intake. The percentage assimilation when fed timothy hay showed 
no tendency to he higher than when fed alfalfa hay. In the work of 
Huffman (12) and Ellenberger (4)? on the other hand, the calciuin 
assimilation of cows fed timothy hay was often about 50 percent of 
the intake. 

In the Beltsyille work, and probably also in the Wisconsin work, 
the cows had been fed rations containing alfalfa hay and liberal 
quantities of calcium for long periods before the calcium balances 
were determined. In Huffman’s experiments, on the other hand, 
and probably also in Ellenberger*s, the cows had been fed low-calcium 
rations for long periods. 

In yiew of the work described in the foregomg part of this paper, 
it seems probable that these different tendencies to assimilate calcium 
were due to the fact that the cows which had been fed alfalfa still 
had a considerable surplus stock of calcium in their bones when the 
balances were determined, while those which had been fed timothy 
had reached the bottom of their reseiwes, or nearly so. But, for a 
number of reasons, it has seemed worth while to cany out some 
further experiments on this subject. These reasons may be stated 
as follows: Work at the Wisconsin (6) and Beltsville (15) Stations 
indicates that cows which have previously been fed rations high in 
calcium may continue for considerable periods to lose calcium from 
their bodies when transferred to rations low in calcium. The cow 
used in the Wisconsin work apparently lost calcium from her body 
continuously during a period of 16 weeks in which the balance was 
determined at intervals. Two cows used in the Beltsyille work lost 
calciimi continuoiisly for a period of 19 weeks. 

This long-lasting influence of previous treatment may explain 
many of the apparently discordant results of balance experiments, in 
most of which little is said about the previous treatment of the animals. 
It seems justifiable, therefore, to put on record the results of a balance 
experiment at Beltsville in which this point is taken into account. 
Three cows were used in the experiment—Nl05, N216, and N406. 
Data regarding their history previous to the beginning of the balance 
experiment are given in table 12. As may be seen from the table, 
all the cows had been fed low-calcium rations for more than 8 months 
before the balance experiment started. 


Table 12. —Hisiorical record of the three coivs vsed in the balance experiments at 

Beltsville, Md. 


Cow no. I Date of birth 

! 

1 

% j 

calcium ration! Constituent.s of ration 

Last calving 
before balance 
experiment 

Balance 

experiment 

started 

N105.! Au£?. 5,1927 I 

N21f). i Jan. 20,1929 

N406. i Oct. 1,192S i 

July 1,1930 j Grain 65, no. 1 timothy hay, 
i corn silage. ‘ i 

Apr. 1,1931 ; Grain 65, no. 1 timothy hay.J 
June 4.1931 !. do _ i 

May 23,1931 

June 21,1931 
Oct. 18,1931 

Mar. 2,1932 

Do. 

Do. 

1 1 

i 
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The data pertaining to the balance experiment are given in tables 13 
to 16. The balance experiment proper began March 2, 1932. From 
this time on the rations for all these cows consisted of grain 65 and no. 
1 timothy hay, coarsely chopped. As in previous experiments at 
this station, the output of calcium and phosphorus in the feces and 
urine of each weekly period is balanced against the intake in the food 
for a weekly period beginning 2 days earlier, in order to allow for the 
intestinal lag. 


Table 13. — JJ^aler, calcium, aud phosphorus content of feeds used at different 
times in the balance experiments 


Feed i 

Period of 
feeding 

Water 

Calcium 

Phos¬ 

phorus 

Timothy hay (T35)....... 

Mar. 2 to 29. J 
Alar. 2 to 12-. 
Mar. 13 to 22. 
Mar. 23 to 29. 

Percent 
10.50 
11.92 ' 
12.16 
11.5G 

Percent 

0.2S0 
! . 165 

1 .166 

1 . 1:9 

Percent 

0.171 
,684 
. 663 
.644 

Grain 65 (batch 1)..... 

Grain 65 (batch 2)....... 

Grain 65 (batch 3}...... 



Table 14. —Calcium and phosphorus content of the milk from 3 cows in the balance 

experiments 


Experimental period 

Cow NI05 

Cow N216 

Cow N4n6 

Calcium 

Phosphorus 

Calcium 

Phosphorus 

Calcium 

Phosphorus 

Mar. 4 to 10. 

Mar. 11 to 17.. 

Mar. IS to 24.. 

Mcar. 25 to 31.. 

Percent 

0.092 
.091 
.093 
.094 

Percent 

0.097 

.096 

.096 

.095 

Percent 
0.119 
1.22 
. 135 
. 120 

Percent 
0.09S 
. 101 
.098 , 
. 106 

Percent 

0.148 
. 149 
. 154 
. 150 

Percent 
n. 136 
1.36 
.134 
.132 


Table 15. —Average daily feed coiisumption by 3 cows in the balance experimcyiis 


Experimental period 

Cow N105 

CowN216 

Cow N406 

Grain 

Hay 

Grain 

Hay 

Grain 

Hay 

Mar, 2 to 8___ 

Mar. 9 to 15- - 

Mar. 16 to 22_ 

Mar. 23 to 29.. 

Kilograms 
6.60 
6.60 
6.60 1 
6.60 

Kilograms 

7.43 

8.00 

8.00 

8.00 

Kilograms 
6.58 
7.00 
5.50 * 
4.00 

Kilograms 

5.11 
5.50 

3. 93 
3.93 

Kilograms 
16.60 

6.60 
6.60 

I 6.60 

Kilograms 
15 .50 
6.00 
6.00 
6.00 


1 Mar. 3 to 8; see text. 


One batch of hay (T35) was sufficient for the entire experiment. 
Three batches of grain wern used. 

The cows were fed hay and grain twice a day, and were nidked three 
times a day. They had water at will. They were exercised 10 to 15 
minutes daily except Sunday. 

A mistake was made in taldng the aliquot of the first day's feces of 
cow N406, so the first period for this cow consists of only 6 days. Cow 
N216 was off feed and showed a reduced milk yield in the thiid and 
fourth periods. The 4.81 kg of refused feed taken from her manger 
during these periods contained 0.393 percent of calciimi and 0.597 
percent of phosphorus. Her appetite improved and her milk yield 
increased toward the end of the fourth period. Except for these 
inoidoats^ the experiment ran smoothly. 





















Table W—-Average daily milk yield, and calcium and phosphorus intake, output, and balance of the 3 colvs in the balance experiment 

('OW NKE 
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i_Based on totals. 
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As may be seen from table 16 the average ealciiim assimilation of 
cows N216 and N406 was between 40 and 50 percent of the intake. 
There seems every reason to believe that cows may readily assimilate 
from 40 to 60 percent of the calcium intake when they are kept on 
low-calcium rations for long periods. The calcium balances were 
negative throughout, though not very markedly so. 

GENERAL DISCUSSION 

COMPARISON OF WORK AT BELTSVILLE WITH THAT IN MISSOURI 

The figures in table 11 for the composition of the whole bodies of 
the cows and of the various portions into which their bodies were 
divided may be compared with those given in Missouri Eesearch 
Bulletin 55 (15, tables 1 to SO). The two sets of figures agree in many 
respects, and further study shows that much of the apparent disa¬ 
greement is due to the varying fat content in the whole bodies and 
portions of the different animals used. It is easy, of course, to calcu¬ 
late the percentages of calcium, phosphorus, ash, etc., in the fat-free 
bodies and portions of the animals used; and this has been done to 
some extent in order to obtain the figures shown in tables 17 and 18. 

Table 17 .—Calcium and phosphorus in the fat-free bodies of cattle and in rario^is 
fat-free portions of their bodies, as calculated from analyses made at the Bellsville 
and Missouri Stations 

BELTSVILLE RESULTS 


Kind of animal and no. 

Whole body 

Total soft 
tissues 

Carcass j 
meat i 

I 

Bones 

Blood 

Hide and 
hair 

Ca 

P 1 

] 

Ca 

p 1 

Ca 

P 

Ca 

P 

Ca 

P 

i 

Ca 

P 


Per- 

Per- 

Per- 

Per- 

Per- 

Per- 1 

j 

Per- \ 

Per- 

Per- 

Per- 

Per- 

Per- 


cent 

cent 

cent 

cent 

cent 

cent 

cent i 

cent 

cent \ 

cent 

cent 

‘ cent 

Cow 84.. 

1.90 

1.00 

0. 031 

0.153 

0.014 

0.193 

17. m 

8.25 

p 

o 

1 

0.0195 

0.014 

i 0.037 

Cow 458... 

2.04 

1.07 

.038 

.147 

.011 

.192 

IS. 19 

8.51 

.0067 

.01751 

.0221 

.053 

Cow 499. 

1.74 

.97! 

.029 

.119 

.011 

. 187 

16.59 

8.10 

j .0052 

. 0202 

. 016! 

, .036 

1 

Average... 

1. S9 

1.01 

.033 

.150 

1 

•012 

. 191 

17.56 

8.29 

.0062 

. 0191 

! 

i 

.012 

i 


MISSOURI RESULTS i 


Calves.-. 

1.45 

0.S4' 

0.022 

1 

0.186! 

0.013 

0, 207 

i I 

, 6.611 

3. 23 

0. 00701 

0 . 0214 ! 0.054 

0.099 

O.xen.. 

1.84 

.98 

.017 

. 143 

.014 

.169 

1 11.811 

5.55 

' .0065i 

.0160 . 0331 

.047 

Cows__ ~ 


1. 01 


. 197 


.212 

1_1 

6. 86: 

1. 

. 0273 !-! 

.064 








1 


i 

1 ! 



' The Missouri figures for calves and oxen are calculated from the figures given m Research Bulletin 10< 
(//, tab/e.'f 6 to SS). Those for calves are averages for the animals 8 months old and younger: those for oxen, 
averages for the animals 40 months old and older. The Missouri figures for cows are caleulatea from those 
given in Research Bulletin 61 {19) and are averages for the 3 cows used. 

Ill table 17 the Beltsville figures for the calcium and phosphorus 
content of the fat-free bodies and of various portions of the body are 
compared with corresponding figures calciilated from the IMissoiiri 
data. The figures for the whole b^ody and for the carcass meat are in 
close agreement with the corresponding Missouri figures for mature 
oxen and cows. It has already been showm that the Missouri figures 
agree with the figures of Laives and Gilbert (14) for the calciuni and 
phosphorus content of the fat-free bodies of mature cattle, and it may 
therefore be assumed that these quantities are nearly constant. As 
the Beltsville figures agree with those established by the two other 
investigations, it may be supposed that the analyses are satisfactorily 
accurate. 

5889-35-2 
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Table lS.-~~~Cakium and phosphoruii content of live empty weighlH of con\s and of 
all portions of their bodies calcnlated cm the fal-free basts 





Calcium 


riiosphoi'iis 

Body part 







.. 


I 

I Cow 84 

Cow 458 

Cow 499 

Cow 84 

('OW 458 

Cow -109 

1. 

Live empty welclit- 


Percent 

1.90 

.m 

Percent 

2.04 

.038 

Percent 

1.74 
.029 i 

Percent 
LOO 
. 153 

Percemi 

1.07 
, 147 

Percent 
0.97 
. 149 


17.91 

18.19 

IG. 59 1 

8, 25 

8.51 

8. 10 


.088 

.074 

.004 i 

.055 

. 043 

. 036 


.014 

.022 

.010 

.037 

.053 

. 030 

ividnev and bed fat_ - - - - 

. 157 

.014 

.102 

.350 

.059 

. 205 

Liver ___-_- 

.008 

.000 

.005 1 

.324 

.376 

.407 

Kidnev. . __ ___ 

.013 

.008 

.010 1 

.220 

.226 

.202 


.023 
. 0067 

.034 

.015 1 
.0052 

.141 

.131 

. 109 


.0007 

.019 

.017 

. 020 

IMiscellaneous organs..._ 

.070 

.042 

. 045 

.193 

.106 

.185 

Carcass meat-____ 

.014 

.011 

.on 

.193 

. 192 

. 187 

Rib cut raimis eye.... 

.013 

.023 

.016 ' 

.191 

. 140 

.175 

Eve from rib cut.-__ 

.0056 

.0055 

.0057 

.207 

.231 

. 223 

Round steak_____ 

.0045 

.0049 

.0040 

.221 

. 226 

. 215 

Miscellaneous meat and fat... 

.203 

.133 

.103 

.330 

.173 

.120 





There is some disagreement between the Beltsville figures and the 
Missouri figures for other portions of the body, particularly the bones. 
The Beltsville figures would seem to indicate that bones have per¬ 
centages of calcium and phosphorus about 50 percent higher than 
those shown by the Tvlissouri figures. This discrepancy is caused by 
the different methods by which the portion called skeleton or bones 
was prepared in the two investigations. In the Beltsville work some 
of the long bones and ribs were very carefully cleaned before being 
ground for analysis, and the rest of the skeleton was boiled and then 
stripped of all adhering soft tissue. In the Missouri work, on the 
other hand, the skeleton was only roughly cleaned by means of the 
knife, and the sample so prepared, consisting of bone with a good 
deal of adhering tendon and other soft tissue was ground and analyzed. 
It may be pointed out that in the Missouri work the portion called 
skeleton or bones comprised about 50 percent more of the weight of 
the total fat-free body than in the Beltsville wmrk, and also that the 
Beltsville figures for the calcium and phosphorus content of the total 
bones of cows 84, 458, and 499 agree fairly closely with corresponding 
figures for the carefully cleaned bones of a number of cows given in 
table 9. Furthermore, the Beltsville figures agree with those given 
for clean bones by Henderson and Weakley (9), 

^ The difference in procedure in the Beltsville and Missouri investiga¬ 
tions, which has just been considered, explains some of the other dis¬ 
crepancies which appear in table 17. In the Beltsville investigation 
the scrapings from the carefully cleaned bones and the material 
removed by boiling from the rest of the skeleton were included in the 
portion called miscellpeous meat and fat. This portion has, there¬ 
fore, a considerably higher calcium content than any of the other soft 
tissues. As the miscellaneous meat and fat is included in calculating 
the composition of the total soft tissues this latter portion has also 
a rather high calcium content. 


andfer’UnIhe MiSmfbulSr' ''' Beltsville tabulations corresponds to that called “lean 
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I'he Beltsville figures for the calcium content of blood are in fairly 
close agreement with the Missouri figures. For the phosphorus con- 
teriji of the blood, the Beltsville figure lies between the Missouri figure 
giv'on for o.ven (tl) and that given for cows (Id). This latter figure 
is certainly unusually high, but it is well known that the phosphorus 
coi»fcent of blood is quite variable. The Beltsville figure for the 
cakium content of hide and hair is decidedly lower than "the Missouri 
figure, but it seems not unlikely that the small calcium content of this 
tissue may be subject to variations of tins order. 

19 .—Calcium and 'phosphorus content and the CajP ratio for the live-empty 
weight of individual mature steers and cows calculated on a fat-free basis 


STEERS 1 


Manner of feeding and animal no. 

Age at 

Fat-free bodies 

slaughter 

Calcium 

Phosphorus 

Ca/P ratio 

Higlxifed’ 

5=i27. 

Months 

40 

Percent 

1.72 

Percent 

0. 93 

1.S5 

5113.. 

44 

1.75 

.94 

1.S6 

.-.-... 

48 

1.78 

.95 


Medlium fed: 

5^6..-.... 

1 

40 

1.84 

.99 

.95 

1.86 

5()‘2,_.... 

44 

1.79 

1.88 

,^12. 

48 1 

2.07 

1. OS 

1.91 

Low'fed; 

...-...- 

40 

1.96 

1.04 

l.SS 

3i(l!9. 

44 

1.76 

.93 

1. S9 

,f?)00. 

48 

1.87 

.99 : 

1.89 


Average.... 


1.84 

.98 

1.88 




cows 2 


Bed for maintenance: 63___ 

71 1 

112 
85 , 


1.13 i 

1.03 

.96 


Battltned: 

•L... 






. - ... - 

Average ...-____ 





1.04 







1 figures for steers are calculated from those given in Bulletin 55 {IS, tables 60 to 71) and in Bulletin 
307 it 1, table 28). 

2 ?rhe figures for cows are taken from Bulletin 61 (19, table 9.) 


rjn table 19 are given the Missouri figures for the calcium and phos- 
3 )li.orus content of the fat-free live empty weights of individual mature 
o»en and cows, which show- the ranges of variation and the averages 
foir these quantities under feeding conditions wdiere all the animals had 
faiirly liberal amounts of calcium in their rations. These figures are 
to be compared with those for the calcium and phosphorus content 
of the fat-free bodies of the Beltsville cows given in table 18. It 
will be seen at once that the differences between the calcium and phos- 
pliorus content of the Beltsville cows, 458 and 499, lie within the 
racige of variation for the Missouri animals. If there were no other 
evidence on the subject than the figures given in these two tables, the 
results might be taken to shoAv that the quantity of calcium contained 
n tthe food of a cow over a long period has little or no influence on the 
caJciiim and phosphorus content of her body. 

It does not seem, however, that this is the most probable interpre- 
taiion of the results. Cows 458 and 499 w^ere of similar breed and type 
and of about the same age, and the weights of their fat-free bodies 
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and of their bones at slaughter were very nearly equal. Further, the 
results of balance experiments have repeatedly shown that^cows may 
lose considerable amounts of calcium and phosphorus from their 
bodies and that these losses are likely to be larger when the calcium 
content of the ration is low. 

Finally, the calciuin and phosphorus content of cow 458 is near the 
upper range of the variation in the Missouri work, while that of cow 
499 is near the lower range. The more probable interpretation of the 
results would seem to be that the two cows had about the same cal¬ 
cium and phosphorus content at the beginning of the experimental 
feeding periods, and that cow 499 lost about 15 percent of her calcium 
and about 10 percent of her phosphorus in the period during which 
she was fed timothy hay. 

If this interpretation may be accepted as correct, the results suggest 
that it ina\" be somewhat disadvantageous to feed cows as little cal¬ 
cium as was contained in the ration of cow 499. The fact, that in 
the same part of the lactation cycle she had 15 percent less calcium 
in her body than cow 458, might be taken to indicate that her ability 
to assimilate calcium from her food was put under a slight strain. 
In the work of Reed and Huffman { 22 )^ already referred to, the cow^s 
that got bone meal in addition to a basal ration of grain, timothy 
hay, and corn silage, seemed to do a little better than those that 
got the basal ration alone, and this gives some further basis for the 
views outlined above. 

In regard to the question of the percentage of calcium assimilated, 
it makes little difference whether or not it be supposed that cow 499 
lost 15 percent of the calcium content of her body in the 5-year experi¬ 
mental period preceding her slaughter. As shown in table 8, her 
calcium assimilation in this period, on the assumption that she lost 
no calcium from her body, was 47.6 percent of the intake. If it is 
assumed that 15 percent of her body calcium must be subtracted 
from that part of the output in her milk and calves which she wms 
obliged to supply from her food, her calcium assimilation would be 
45.8 percent. This result strongly confirms the conclusion to be drawn 
from the rather incomplete experiments described in the early part of 
this paper and from the balance experiments of Huffman { 12 ) an cl 
Ellenberger (4), namely, that cows which are kept for long periods 
on rations low in calcium may readily assimilate from 40 to 50 percent 
of the calcium intake. 

Table IS gives the calciuni and phosphorus content of the various 
portions of the three Beltsville cows calculated on the fat-free basis. 
Most of the individual tissues of cow 499 show- a somewdiat lower 
calcium content than those of cow-s 84 and 458, wdiich adds strength 
to the supposition stated above that her low--calcium ration caused 
soine loss of calcium from her body. In most cases, how^ever, the 
differences are small, and the constancy of the calcium content of 
some of the portions, namely, the kidneys and muscles, is quite 
remarkable. The phosphorus content also'^of most of the soft tissues 
is remarkably constant. 

Table 18 gives an idea of bow calcium and phosphorus are lost 
fronr the body of a cow on a low-calcium ration. Much the greater 
portion of the loss comes from the bones, and the low-calcium ration 
causes so much loss of phosphorus from the bones that the Ca/P 
ratio is only slightly lower after the losses have occurred than before. 
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There is no evidence of any general tendency for phosphorus to be 
stored in the soft_ tissues, and both the calcium and phosphorus con¬ 
tents of the soft tissues is so small and so constant that the cliamre in 
the Ca/P ratio in the whole body is almost entirely controlled by that 
which occurs in the bones. The Ca/P ratios in the bones of cows 
84, 458, and 499 were 2.17, 2.14, and 2.05, respectively; those in 
their fat-free empty weights, 1.90, 1.91, and 1.79. These figures are 
to be compared with the extremely constant Ca/P ratios given in 
table 19 for the oxen anatyzed at the Missouri Station. They con¬ 
stitute additional evidence for the view that the lo^v-calcium ration 
of cow 499 had an effect on the calcium and phosphorus content of 
her body. 

The results which have just been discussed confirm results obtained 
at the Michigan Station { 12 ) and at the Vermont Station (4) which 
indicate that cows kept on low-calcium rations for long periods may 
readily assimilate about 50 percent of the calcium intake. They 
furnish strong reason for believing, however, that those aspects oh 
the Vermont work which indicate that mature milking cows kept on 
low-calcium rations for long periods may store large quantities of 
calcium, and phosphorus in proportions very different from those 
ordinarily found in the body, are due to experimental error. They 
also give reason to believe that the results of many other balance 
experiments which suggest that milking cows on high-calcium rations 
are usually losing calcium from their bodies are due either to experi¬ 
mental error or to some peculiarit}^ in the experimental method 
which renders the results not representative of the usual course of 
calcium and phosphorus metabolism in long periods of time. The 
Beltsville results suggest that even on rations low in calcium it is 
difficult to reduce the calcium content of a co\v’s body to less than 
85 percent of the normal level. In view of the high degree of con¬ 
stancy of the percentages of calcium and phosphorus in the mature 
fat-free bovine body, and of a number of difficulties in the technic of 
balance experiments, the method of slaughter and body analysis 
seems preferable to the balance method, when calcium and phos¬ 
phorus metabolism is to be studied over long periods. 

PRACTICAL CONSIDERATIONS 

The practical object of such work as that just described is, of 
course, to determine the requirements of dairy cows for various 
nutritional materials, and the pathological effects which are produced 
by deficiencies of such materials. In 1924, when the experiments 
were started, there was much evidence on hand to show that feeding 
low-calcium roughage, such as wheat straw and timothy hay, to dairy 
cows was likely to cause premature calving and the throwing of dead 
calves; and many investigators were inclined to attribute these 
results to the low-calcium content of the roughage. With the passage 
of time, however, it has become clear that timothy hay and wheat 
straw are likely to be deficient not only in calcium, but also in vitamin 
A; and the relative nutritional qualities of these roughages and of 
alfalfa hay cannot be intelligently discussed without takmg this matter 
into consideration. 

Recent work at the wuiters' station has throvm some light on the 
vitamin A content of alfalfa and timothy hay. The results may be 
outlined as follows: The vitamin A content of hay is extremely 
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variable. There is no doubt, however, that it tends to be higher in 
alfalfa than in timothy hay, and higher in hay of good quality than 
in hay of poor quality. It is still too early to give figures which can 
be regarded as reliable averages, but the results^ so far obtained may 
be tentatively taken to indicate that No. 1 alfalfa hay contains about 
40 international units of vitamin A activity per gram; No. 3 alfalfa, 
about 6 units; No. 1 timothy, about 15 units; and No. 3 timothy, about 
3 units. 

In stiU other unpublished experiments at the writers’ station, cows 
have been feed for periods of several years on rations of grain com¬ 
bined vith each of the above-mentioned kinds of hay as the sole 
roughage. Of these cows, only those fed on No. 1 alfalfa have repro¬ 
duced satisfactorily. Those fed on No. 3 alfalfa and on No. 3 timothy 
have uniformly calved prematurely and thrown weak or dead calves. 
Those fed on No. 1 timothy have usually thrown weak or dead calves 
prematurely, but cow 499 has had four normal calves in a period of 
0 years on this ration. 

"The writers have made numerous determinations of the calcium 
content of the No. 3 alfalfa hay, and find that it is practically the same 
as that of the No. 1 alfalfa. The results obtained at this station, 
therefore furnish clear evidence for the view that cows will calve 
prematurely and will throw dead or weak calves when their rations are 
deficient in vitamin A, even though such rations may contain adequate 
quantities of calcium. 

As it is clear that a vitamin A deficiency without any accompanying 
calciiini deficiency may cause abnormal reproduction, it seems reason¬ 
able to attribute the abnormal calvings of the cows on no. 1 timothy 
hay to the low vitamin A content of this ration rather than to its low- 
cafciuiii content, even though the vitamin A content was somewhat 
higher than that of the No. 3 alfalfa ration. 

In the case of cow 499, either because her vitamin A requirement 
was lower than that of the other cow's, or because the vitamin A con¬ 
tent of her ration happened to be a little higher, reproduction remained 
normal timoughout the period of experimental feeding. The results 
obtained in her case may, therefore, be taken as a contribution to the 
study of rations which are rather low in calcium, and, nevertheless, 
not sufficiently lacking in vitamin A to cause abnormal reproduction. 

During the 5 years of timothy hay feeding, she gave about 2,800 kg 
of milk annually on a ration which contained 25.1 g of calcium daily. 
She probably lost about 15 percent of the calcium contained in her 
body at the beginning of the experiment. The milk yield was some¬ 
what lower than that which has been obtained from cows of similar 
type on No. 1 alfalfa ha 3 ^,_and the writers judge that it was reduced 
about 10 percent b}^ the timothy ha^^ feeding. The calcium content 
of the ration was undoubtedly much lower than that of the rations 
fed on the average dairj' farm throughout this country, but by no 
nieans as low as nia}" sometimes occur under conditions which prevail 
in certain districts. The Beltsville grain mixture contained a large 
proportion of oil meal, and therefore a much higher calcium content 
than would a mixture made up of cereals and wheat bran, and the 
timothy hay had a decidedly higher calcium content than is given by 
^lorrison (10) as the average for this roughage. The re¬ 
sults definitely suggest that an intake of 25 g of calcium daily is rather 
low for Jerseir cows which are fairly good milkers, and it is not at all 
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impossible that, if the field is carefully surveyed, as has been done in 
the study of ^ phosphorus deficiencies (5), regions may be found in 
which the rations contain less calcium than this, and in\vliich calcium 
deficiency is a serious factor in dairy practice. 

Some beneficial results have been obtained b\" adding calciuni salts 
to rations which were low in their natural calcium content (1, 2, 22). 
But, in view' of the fact that timothy ha^^ is low in vitamin A as -well 
as in calcium, while alfalfa contains more liberal quantities of both 
of these essentials, it seems wise at the present time to include a large 
proportion of legume hay of good quality in the winter dairy ration, 
wherever possible, and thus to insure at the same time against calcium 
and vitamin A deficiency. The ctuestion whether it may be economi¬ 
cal, under certain circumstances, to feed timothy ha}^ and to provide 
additional calcium and vitamin A separately in the form of such 
materials as bone meal and carrots, is a matter for future investigation. 

SUMMARY 

The balance experiments carried out in the past have been rather 
contradictory and confusing in regard to certain features of calcium 
and phosphorus metabolism. Some results suggest that milking cow'S 
are likely to be in negative calcium balance, even on rations high in 
calcium, and that they generally do not utilize more than 20 to 30 
percent of the calcium intake for the production of milk and calves. 
Other results suggest that they may often be in positive balance, even 
on rations low in calcium, and that they frec[uently utilize from 40 to 
60 percent of the calcium contained in such rations for the production 
of milk and calves. Certain recent results reported from the Ver¬ 
mont Agricultural Experiment Station indicate that liberally milking 
cows may store large amounts of calcium and phosphorus in the 
course of several years on rations low in calcium, and that the propor¬ 
tions of calcium and phosphorus stored may be quite different from 
those which are contained in normal bone. 

In order to obtain light on all these questions, the calcium and 
|)hosphorus metabolism of cattle has been studied by slaughtering 
them and making analyses of their bodies and bones after they had 
been fed for long periods rations containing different amounts of 
calcium. The results obtained in these body analyses are compared 
with the normal calcium and phosphorus content of the fat-free 
bodies of cattle as shown by analyses carried out in the past. The 
results of this part of the work may be stated as follow^s: 

(1) The percentages of calcium'and phosphorus contained in the 
fat-free bodies of mature normal cattle are ciuite constant, and the 
Ca/P ratio, both in the w^hole body and in bone, is highly constant. 

(2) Keeping cows on low-calcium rations for long periods alters 
the above relationships less than has often been thought. The Belts- 
ville results indicate that after periods of several y^ears on rations con¬ 
taining only about 25 g of calcium daily, the calcium content of the 
fat-free bodies of dairy cow's is not likely to be reduced to less than 
85 percent of the normal level. The change in the Ca/P ratio for the 
whole body produced by such treatment is even smaller, namely, from 
1.9 to about 1.8. 

(3) Cow^s which have been fed low-calcium rations for 9 months or 
more readily utilize about 50 percent of the calciuni intake for the 
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production of milk and calves. This conclusion is coiifiriiied ^by the 
results of balance experiments reported in this paper, in which the 
calcium and phosphorus balances of cows were determined aiteptliey 
had been fed low-calcium rations for long periods and wei’c still on 
such rations. 

(4) Tliere is every reason to believe that the results of certain 
balance experiments which suggest that cows may store calciimi and 
phosphorus in proportions entirely different from those usually found 
in the body, are based on experimental error. The conclusions drawn 
from other experiments to the effect that cows fed rations high in 
calcium are usually losing calcium from their bodies; and from still 
others, that cows fed rations low in calcium may sometimes be storing 
large quantities of calcium, are also either based on experimental 
error or due to the fact that the results are not representative of 
what occurs in long periods. 

The work in which calcium and phosphorus metabolism have been 
studied by means of balance experiments is considered in relation to 
that in wliicli the general health and performance of milking cows 
have been studied while they were kept for long periods on rations 
containing different quantities of calcium. It appears that, when 
the calcium content of a ration is reduced by substituting timothy 
liiiy or straw for alfalfa, the vitamin A content is also likely to be 
reduced, and that the failures in reproduction, which have occurred 
on rations in which the roughage was timothy hay or straw, are to be 
attributed to a ^ntamin A deficiency rather than to calcium deficiency. 
The physiological effects of rations which are deficient in calcium, 
though, adequate in vitamin A, are in need of further investigation. 
Some of the results of the present study may be taken as tlie beginning 
of such an investigation. They suggest that, for Jersey cows which 
are capable of giving 3,000 kg of milk or more annually, an intake of 
25 g of calcium daily is somewhat inadequate. " ' 
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RESPONSE OF THE WOODY PLANTS HIBISCUS SYRIACUS, 
MALVAVISCUS CONZATTII, AND BUGINVILLEA GLABRA 
TO LENGTH OF DAY' 


H. A. Allard 

Senior physiologist, Division of Tobacco and Plant Nutrition, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

Since 1920 an extensive literature has developed, sliowiiis; the 
responses of a great variety of plants to length of day. For thediiost 
part the small annual or perennial herbaceous plants have been used, 
and very little work has appeared to illustrate the flowering response 
of the woody plants except in the case of the poinsettia {Euphorbia 
'pulcherrima Willd.). It is a relatively simple matter to handle the 
smaller herbaceous plants, whose blooming responses are usually shown 
during the first or second year from seed. The problem becomes 
much more difficult when the larger trees and shinibs are considered, 
for the small container and the usual type of convenient small dark 
chamber suitable for the small herbaceous plants will not serve for the 
woody plants. 

The shi’ubs chosen for this study were the turkscap hibiscus 
{Malvaviscus conzattii Greenman), the common garden shimb-althea 
{Hibiscus syriacus L.), and bougainvillea {Bugmi'iUea glabra Choisy). 
The shrub-althea has shown itself well adapted to a study of length 
of day in all respects. It flowers the fii'st or second season from 
seed, and is readily grown and handled in small containers. The 
bougainvillea is also highly responsive to length of day, flowering 
quicldy in summertime in response to artificially shortened daylight 
exposures. 

METHODS 

It was at first thought that the flowering responses of shi'ub-althea 
could be readily determined by the localization method, wliich 
required the construction of small ventilated dark cases over branches 
of flowering individuals long established in the soil out of doors. In 
1929 such a case was constructed over a branch at the Ai'lington 
Experiment Farm, Kosslyn, Va., and 10 hours of day-light each day 
were given this portion of the plant before visible budding occurred. 
The treated portion of the plant, however, flowered at the same time 
as the portion receiving the full length of day. Since even in the 
annuals, flowering, when once initiated, often tends to persist for some 
time after the original stimulus of a suitable length of day has been 
removed, it was thought best to grow the shrub-althea under the 
various lengths of day from the seedling stage. 

Seed sown in a flat October 15, 1930, remamed in a coldframe out of 
doors throughout the winter. The seed germinated April 20, 1931, 
and the seedlings were potted to thumb pots May 28 and to large 
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buckets June 19, 3 to 4 seedlings being placed in each bucket. The 
tests began June 19, the plants receiving 10, 12, 12.5, 13, 13.5, 14, and 
14.5 hours of daylight and full daylight each day. Large ventilated 
dark houses were used to reduce the daily light-exposure periods to 
14.5 hours or less. On March 1, 1932, the plants were seppated and 
were grown singly in buckets to afford more room for each individual. 
The buckets for the various tests were numbered and the responses 
of the plants to the lengths of day originally selected were observed 
for several consecutive years. 

The turkscap hibiscus was grown from cuttings made January 7^ 
1932. These when rooted were transferred to 3-inch pots February 
1 and to 4-inch pots March 8. On April 15 they were transferred to 
buckets, a single plant being grown in each bucket. The tests with 
the plants receiving 10, 12, 12.5, and 13 hours of daylight daily began 
hlay 9, when the plants were 18 inches tall. The tests with 13.5, 14, 
and^ 14.0 hours of daylight each day began May 18, when the daylight 
period from sunrise to sunset had increased sufficiently. This wooyd 

hibiscus, being a tender plant, was 
grown in a warm greenhouse averag¬ 
ing 70° to 75° F. until the tests began 
out of doors. 

The bougainvillea was grown from 
young hotbed plants received from 
Morida in the spring of 1932. These 
were transferred to large cans, a single 
plant in each can, and were allowed to 
grow in the warm greenhouse. The 
plants flowered heavily during Decem¬ 
ber, attaining the mid-bloom stage in 
late January during the winter of 
1932-33 and again during the winter 
of 1933-34. On May 16, 1934, long 
after flowering had ceased and new 
vegetative shoots had developed, the 
plants were cut back to 46 inches and 
placed on the tests. One plant was 
allowed 10 hours of light daily, 
another 12 hours of light, and a third was given the full length of day. 

EXPERIMENTAL RESULTS 

SHRUB-ALTHEA 

From the data of table 1 it is obvious that a daily exposure to 10 
hours of daylight is too short to allow the slirub-althea to flower, 
even though the plants have remained for four successive seasons 
under these conditions. The plants grew very slowly and during the 
first season remained practically in the rosette condition, forming a 
very short woody stem only a few inches high upon which thick and 
abnormally dark green leaves were crowded, as shown in figure 1. 

Daily exposure for 12 hours favored greater elongation of the stem, 
but even tliis length of day was distinctly unfavorable to flowering. 
During the seasons of 1931, 1932, 1933, and 1934, only two plants 
were able to flower, these flowering in 1932, one plant producing a 
single blossom; the other, three blossoms. 



Figure 1.—Shmb-althea seedlings 112 days 
•after beginning of tests, which were started 
May 26. 1930, while plants were in cotyledon 
stage: .1, Control receiving full daylight; B, 
plants exposed to 10 hours of daylight each 
day. Photographed September 15, 1930. 
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Daily exposure for 12.5 hours allowed flowers to deA^elop, but the 
plants 2 ;rcw relatively slowly and did not attain a .floriferoiis condition 
until 1933. A ratlik* weak flowering: impulse was evident in 1932. 
Daily periods of exposure of 13, 13.5, 14, and 14.5 hours were quite 
favorable to growth and flo\vering, and about as maii}^ flowers w^ere 
produced as appeared under conditions of full daylight. The mean, 
date of appearance of the first flower for the three seasons 1932, 1933, 
and 1934 was not materially changed under the different periods of 
exposure favorable to flowering. For the daily 12-hour exposure the 
mean date of flowering (which occurred only in 1932) was July 6; 
for the 12.5-hour day, July 21; for the 13-hour day, July 26; for the 
13.5-hoiir day, July 27; for the 14-hour day, July 27 ; for the 14.5-hour 
day, August 2; and for full daylight, July 28. 

Growth in height showed a consistent increase with increase in the 
length of the daiA period of illumination. The mean height at the 
end of 1934 for the 10-hoiir period of exposure was 23.6 inches; for 
the 12-hour, 34 inches; for the 12.5-hour, 35.5 inches; for the 13-hour, 



PiGURE 2.— Shrub-althea seedlings grown four seasons under the various daily periods of light exposure 
indicated. Plant designated C received full length of day. Dates of flowering in 1934 under the various 
periods of exposure: Full day, August 4; 14.5 hours, August 10; 14 hours, August 10; 13.5 hours, August 2; 
13 hours, July 26; and 12.5 hours, July 20; 12 and 10 hours, no flowering. Photographed August 7, 1934. 

47.5 inches; for the 13.5-hour, 45.5 inches; for the 14-hour, 44.0 inches; 
for the 14.5-hour, 52.0 inches; and for the conditions of full daylight, 
45.0 inches. Figure 2 shows the habit of growth of shinib-althea, 
under the various daily periods of exposure, at the end of four seasons. 

TURKSCAP HIBISCUS 

From the data of table 2 it is obvious that the turkscap hibiscus is 
indetermmate in its responses to length of day, at least for the annual 
range in day length at Washington, D. C., since it flowered readily 
under all periods of daylight exposure, from 10 hours to the local 
full length of day, wMch on June 21 is about 15 hours from sunrise to 
sunset. This behavior is illustrated in figure 3. There was some 
delay in the flowering of some of the plants as the daily periods of 
exposime to daylight were increased beyond 10 hours. In the initia¬ 
tion of buds the greatest delay occurred imder full length of day. 
Elongation of the stems tended to increase with increase in the length 
of the daily exposure, the full length of day producing the tallest 
plants. The plants were more compact and branching in habit of 
growth under the daily exposure periods of 10, 12, 12.5, and 13 hours. 
These plants also flowered more freely. 
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FiorEE 3 —Turkscap hibiscus. A woody subtropical plant flowering freely under all lengths of day, from 
10 hours or less to the full length of day, at Washington, D. C. The plants were grown from cuttimrs made 
January 7, 1932. Tests for the daily exposure periods of 10,12,12.5, and 13 hours began iSIay 9; for periods 
of 13.5, 14, and 14.5 hours, May 18. The control (C) received the full length of day. The number of 
days required for budding and first flowering are shown in table 2. Photographed July IS, 1932. 

Table 2. —Nuinber of days required for 'production of visible buds arid first flo wering 
by turkscap hibiscus {Malvaviscus conzattii) and the height attained by the plants 
when exposed to various day lengthsy beginning in May 1932 


Daily light exposure 

Days required 
for production 
of— 

Height 

of 

Daily light exposure 

Days reciuired 
for production 
of— 

Height 

of 

Buds 

First 

flowers 

plants 

Buds 

First 

flowers 

plants 

10 hours... 

Number 

29 

Number 

54 

Inches 

31 

13.5 hours.... 

Number 

23 

Number 

54 

! 

Inches 

42 

12 hours__ 

32 

63 

37 

14 hours.. 

28 

28 

54 

47 

19.5 hours 

32 

32 

63 

42 

14.5 hours_ 

57 

44 

55 

13 hours... 

63 

44 

Full day.. 

50 

63 






bougainvillea 

Whereas the slu'ub-althea behaved as a typical long-da}-" plant, the 
bougainvillea flowered best in the short daily light periods. Growth 
of new shoots in the latter began at once in all the tests. The plant 
receiving 10 hours of daylight each day showed buds June 28, and 
flowered July 9 at a height of 75 inches. The plant was very florif- 
erous, and quite as gorgeous with brilliant pink flowers as it has been 
in February when it flowered in response to the natural short days of 
the winter time. The plant receiving 12 hours of davflight each day 
budded July 25 and flowered August 4 at a height of 82 inches and 
was much less floriferous than the plant receiving 10 hours of daylight 
each day. The controls showed no indications of budding in early 
October" This behavior of flowering in summertime in response to 
shortened daily periods of exposure is shown in figure 4. Bougain¬ 
villea normally flowers at Washington, D. C., in the greenhouse in 
December when the length of day from sunrise to sunset is less than 
10 hours. 

DISCUSSION 

Shrub-althea, a woody plant, behaves as a typical long-day plant 
when grown from the seedhng stage and subjected to difl*erent 
daily periods of e^^osure to daylight in summertime, since flowering 
is favored by an increasing length of day, A daily exposure of 10 
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Figure i.—BuginrUlea glabra gro’.rn with 10 and 12 hours of daylight each day and with full length of 
dr .5 (C). The tests began IMay 16,193-1, at which time the plants were cut back to 4(3 inches. The plant 
re‘ l iving 10 hours of daylight each day budded June 2S, and flowered July 9 at a height of 75 inches; the 
pi ut receiving 12 hours of daylight each day budded July 25, and flowered August 4 at a height of 82 
ir. ioes; the plants receiving the full daylight had not budded in late October. Flowering normally takes 
pi. in December, as shown in figure 5. Photographed August 7, 1934, 



Figure S.—Bougainvillea flowering in the greenhouse in response to the short days of the wintertime The 
first flowers appeared in December 1933 and the plant was in full bloom February 1, 1934. This is one 
of the plants shown in figure 4 and was induced to flower a second time by reducing the length of day 
Photographed February 16,1934. 
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hours entirely inhibits flowering and greatly retards growth. The 
plants grew slowly, being compact and much brancbed, with a very 
stocky main stem and short thick branches. A daily exposure of 12 
hours is distinctly unfavorable to flow^ering, but growrih is improved. 

The tiirkscap^ hibiscus is decidedly indeterminate in its flowuriiig 
response, since it flowers under all lengths of day from 10 hours of 
daylight to the full length of day at Washington, D. C. For this rea¬ 
son it finds a place as a useful garden ornamental in Florida and other 
wurmer parts of the United States. It flowers readily far northward 
in summertime, and^ continues to be floriferous under greenhouse 
conditions in wdntertime. However, being a tender shrub, it is not 
suitable for outdoor culture where severe winter wuather prevails. 

Bougainvillea, flowering best on a shortened length of day, behaves 
as a typical short-day plant. ^ This is indicated by its natural tend¬ 
ency to flow^er only in midwinter, when the days are shortest, and 
from the fact that it remains in a flow^erless vegetative condition in 
summertime. ^ In this latitude a day length of only 10 hours Is not 
attained until November 16. The winter flowering behavior is 
shown in figure 5. 

These tests with shrub-althea and the tropical bougainvillea indicate 
that both wmody plants are quite as sensitive to different lengths of 
day as those annual and perennial herbaceous plants wiiich have been 
classed as typical long-day or short-day plants. 

The poinsettia, also a woody plant, early received attention.- 
It is obvious that the bougainvillea and the poinsettia have a very 
similar type of behavior, both flow^ering when the days are very short. 
They may be regarded as typical short-day woody plants, since both 
flower on a shortened length of day. Both are native to the tropical 
and subtropical regions of the Americas, the bougainvillea being a 
native of Brazil, the poinsettia of the warmer parts of Alexico and 
Central America. From the fact that their flow^ering responses are 
rigidly dependent upon daily exposures to daylight for 12 hoiirs^ or 
less, these plants normally have no horticiiltural value as flownring 
plants in northern latitudes except under w'-arm greenhouse conditions 
in wintertime. 

The shrub-althea, a long-day plant, attains flownring on a length¬ 
ened day, and because it is floriferous when the summer days are very 
long becomes useful as a garden ornamental in far-northern latitudes 
in summertime. A plant which is useful both in the Tropics and under 
outdoor conditions in high latitudes must be of the indeterminate 
type with respect to length of day. 

SUMMARY 

Shrub-althea (Hibiscus syriacus L.) behaves in response to length 
of day as a typical long-day plant, i. e., it flow^ers in response to a 
lengthened day. Exposure to 10 hours of daylight each day does 
not allow flowering. Daily exposure for 12 hours is unfavorable to 
flowering. Flowering takes place under all lengths of day from 12 or 
12.5 hours to and including at least the full length of day of 15 hours 
in the Washington, D. C., region, but abundant flowering is associated 

2 Garner, W^ W^, and Allard, H. A. further studies in photoperiodism, the response of the 
PLANT TO RELATIVE LENGTH OF DAY AND NIGHT. JouT. Agr. Kesearch 23; 871-920, illus. 1923. 

5889-35-3 
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witli the longer periods of exposure. Growth and elongation are 
also favored by the longer daily exposure. 

The turkscap hibiscus {Malmviscus conzattii Greemnan) is in¬ 
different or indeterminate in its response to different lengths of day 
within the range covered by the tests. The plants are more compact 
in habit of growth and more floriferous under the shorter daily ex¬ 
posure periods, i. e., 10, 12, 12.5, and 13 hours. 

Bougainvillea (Buginvillea glabra Choisy) behaves as a typical 
short-day woody plant, flowering on shortened lengths of day. Even 
in midsummer, when the plants are strictly vegetative, flowering is 
quickly initiated by dail}^ exposure to 10 hours of daylight. Under 
the same conditions exposure to 12 hours of daylight each day was 
distinctly less favorable to flowering. 

The day-length requirements of the wmody plants shrub-althea, 
bougainvillea, turkscap hibiscus, and poinsettia are now fairly well 
understood. The shrub-althea, bougainvillea, and poinsettia are 
quite as sensitive to the factor of length of day as any of the herbaceous 
plants. It is evident that the usefulness of all these plants for certain 
seasons and regions depends as much upon their particular length- 
of-day requirements as upon any other factor. 




PLEOSPORA ROT OF TOMATOES' 


By G. B. Ramsey 

Senior patholoffist, Division of Frnit and Vegetable Crops and Diseases, Bureau of 
Plant Industry, United States Department of Agriculture 

INTRODUCTION 

In the investigation of the various diseases causing losses of fruits 
and vegetables during transit, storage, and marketing, a new or 
unusual fungus is sometimes encountered on produce from a more or 
less localized district. Whether the causal organism is just becoming 
established in that locality, whether certain'new host relationships 
account for the initiation of the disease, or whether the immediate 
climatic conditions happened to favor the growth of the organism 
is often dijfficult to determine. Pleospora rot of tomato {Lycoper- 
sicon esculentum Mill.) furnishes an interesting example of a disease 
induced by an organism known to have been present in the Salinas 
district of California for at least 11 years without causing -serious 
damage, but later, for reasons not imderstood, becoming an impor¬ 
tant factor in the shipping of tomatoes from that district. 

In November 1919, a few tomatoes showing an imusual type of 
decay were obtained from cars of California tomatoes received on 
the Chicago market. At that time the disease was of little economic 
importance but was of scientific interest since a Pleospora with an 
associated Macrospormm was isolated from the advancing edge of 
numerous lesions, and a search through the literatiue failed to reveal 
any mention of a pleospora rot of tomatoes. Cultures of this fimgus 
have been kept in stock since that time, and each year during Novem¬ 
ber and December other cultiues of the organism have been isolated 
from tomatoes showing similar symptoms on arrival at the Chicago 
market. 

For the past 3 years this disease has been of great economic im¬ 
portance to the California tomato crop grown for marketing dui’ing 
the early winter months. So far as has been observed the disease is 
not important in those tomato-growing districts of California that 
ship in other seasons of the year, and it has not been fotmd elsewhere 
except in Mexican stock shipped during January. Within the past 
2 years a few specimens of pleospora rot have been obtained from 
shipments of Mexican tomatoes arri\dng on the Chicago and New 
York markets. 

Two hundred and forty-eight isolations of species and strains of 
Alternaria and Macrosporium have been made from tomatoes re¬ 
ceived from practically all of the tomato-producing sections of the 
coimtry; but, with the exception of the Macrosporium, having the 
Pleospora stage herein reported, none of them have developed the 
perfect stage either on the fruit or in pure culture. There are nu¬ 
merous reports of Alternaria and Macrosporium species associated 

1 Received for publication Apr. 13,1935; issued August 1935. 


Journal of Agricultural Research, 

Washington, D. C, 

( 35 ) 


VoL 51, no. 1 
July 1, 1935 
Key no. G-97i 



36 


Journal of Agricultural Research 


Vol. 51, no. 1 


with various types of decay in tomatoes. As indicated by Ramsey 
and Link (7)y' many of these organisms are found following other 
diseases such as phoma rot^ blossom-end rot, and sun scald, while 
others appear primarily as wound parasites following growth cracks or 
mechanical injuries, or in the stem scar. These fungi are especially 
destructive to tomatoes during long transit periods, on track, or in 
the ripening rooms on the recei^dng markets. ^ 

McWhorter (4) in Virginia and Samuel (<5) in South Australia have 
described a stem-end rot of tomatoes induced by Macrosporium 
solani Ell. and Mart., and Douglas {2) in California reported a new 
alternaria spot of tomatoes caused by an organism which he believed 
differed from both M. solani and Al. tomato Cke. The types of lesions 
described in these reports are similar in some respects to those pro¬ 
duced by the Alacrosporium stage of the Pleospora isolated from 
California tomatoes. However, no perfect stage was observed by 
the investigators mentioned, and a study of the conidia readily 
shows the difference between these fungi and the one described in the 
present paper. 

ECONOMIC IMPORTANCE 

The best idea as to the seriousness of pleospora rot of tomatoes 
may be obtained from a study of the inspection reports made by the 
Food Products Inspection Service of the Bureau of Agricultural 
Economics, United States Department of Agriculture, on the condi¬ 
tion of tomatoes arriving on the larger markets. From these reports 
it is apparent that the amount of decay induced by Pleospora varies 
greatly from season to season and also wdth the length of the haxd. 
Decay develops slowly in green tomatoes during the first 3 or 4 days 
in transit and then makes more and more rapid headway as the 
fruits begin to ripen. Consequently, the tomatoes arriving on the 
New York market and other eastern markets often show from 10 to 
25 percent more pleospora rot than similar stock received on the 
Chicago market. 

Upon arrival in New York in November 1931, a car of California 
tomatoes showed 90 percent of the fruit infected at the stem end 
Pleospora. Another car of tomatoes arrived on this market 
shoving only 2 percent decay, but after the tomatoes had been al¬ 
lowed to ripen in the car on the tracks for almost 2 weeks 50 to 60-- 
percent of them showed serious decay induced by Pleospora. A car 
of^ California tomatoes that passed shipping-point inspection, con¬ 
taining 85 percent U. S. No. 1 tomatoes with no appreciable decay, 
was found to have 25 to 80 percent, or an average of 55 percent, 
pleospora rot when the stock was finally marketed in New York. 
Numerous cars of California tomatoes shipped during November and 
December in the last 3 years have shown from 25 to 50 percent loss 
on accoimt of this disease. The mature, good-quality stock lipens 
during transit or soon enough after arrival to escape great loss, but 
the immature or poor-quality stock, which ripens slowdy and must 
often be held for a week or more for ripening, is subject to very 
heavy decay. 

2 Keference Is made by number (italic) to Literature Cited, p. 42. 
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THE DISEASE 

DEVELOPMENT AND SPREAD 

No study has been made of the development and spread of pleospora 
rot in the field; consequently, no data are at hand concerning its 
prevalence on growing tomato plants. From studies of the early stages 
of the disease as found in commercial shipments received on the Chicago 
niarket and. from correspondence with Federal-State shipping-point 
inspectors, it is evident that close observation is necessary to detect 
the presence of early infections about the stem scar of green tomatoes. 
It appears probable that the fruit pedicels and calyx sometimes harbor 
the fungus and that under favorable moisture and temperature con¬ 
ditions the organism works its way from this source down into the 
fruit. In wet weather or during fogs spores lodging under the calyx 
may also germinate and penetrate the tissues at the edge of the stejii 
scar before the fruit is harvested, or follow immediately in wounds 
incident to harvesting. There is no evidence that the fungus spreads 
through the wrappers from one tomato to another during transit. 

SYMPTOMS 

Small brown V-shaped to oval spots at the edge of the stem scar or 
in mechanical wounds elsewhere on the fruit are the first visible 
symptoms of pleospora rot (pi. 1, A, B). These lesions appear some¬ 
what similar to those produced by Phoma, but as they enlarge the 
brown color is retained and usually a small amount of gray to grayish- 
brown mycelium is noticeable over the lesion, whereas in typical 
Phoma lesions of the same size the affected tissues are black and there is 
no visible surface mold. Spots one-half inch or more in diameter 
generally show the black pimplelike perithecia forming in the central 
region. Tomatoes arriving on the market after a 5- to S-day transit 
period show lesions varying from one-fourth to three-fourths of an 
inch in diameter. As the tomatoes ripen the fungus progresses rapidly, 
and a moderately firm greenish-brown to brown decay may involve 
one-fourth of a fruit within 10 days after it is sliipped (pi. 1, C). 

The greatest losses are sustained in shipments of tomatoes that must 
be held on track or in the humid ripening rooms for several days before 
they ripen enough to be placed on the market. Under these humid 
conditions there is usually an abundant development of mycelium 
which characterizes the Macrosporiwm stage of tliis fungus (pi. 1, 
C, E), The black perithecia of Pleospora lycopersici are prominent in 
the older lesions (pi. 1, E), 

Tj^pical Pleospora lesions show eridence that the fungus entered 
through or at the edge of the stem scar. The organism penetrates into 
the fruit one-half inch or more, causing a moderated firm dark-brown 
decay such as that shown in plate 1, and in many instances it dis¬ 
colors the vascular elements underneath the scar and along the side 
walls of the fruit. Wlien infection takes place through wounds on the 
sides of the tomato the vascular elements are not discolored. 

INOCULATION EXPERIMENTS 

The pathogenicity of both the Pleospora and Macrosporiwn stages 
of this fungus is readily established by inoculation experiments, 
hlature-green tomatoes, selected for freedom from disease and blem- 
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islies^ were sterilized in a solution of formaldeli 5 ^de (1 to 240) for 3 
minutes and tlien rinsed in sterile water before inoculations were made. 
In each experiment, seyeral tomatoes were inoculated by placing 
iiiyceliiim and spores in small punctures through the skin of each Iruit. 
The results obtained from such experiments show that the decay 
induced progresses slowly in green tomatoes and that as the fruits 
ripen the development of the lesions becomes more and more rapid. 
Changes in the chemical composition of the fruit during ripening 
influence the rate of growth of the fungus. Changes in acidity of the 
fruit juices probably^play an especially important part. Commer- 
cia% mature-green" tomatoes are somewhat acid (pH 4.7), while 
tomatoes ripe enough for table use are much less acid (pH 6.01). 

hlature-green tomatoes inoculated as described above and held at 
45^ F. develop lesions that can barely be detected within 10 days, 
and at 55° the lesions reach an average diameter not much greater 
than one-fourth of an inch in 10 days. The fungus becomes more 
active at 65°, and lesions one-fourth of an inch in diameter are produced 
in a week and lesions five-sixteenths of an inch in diameter within 10 
days. On cutting the fruit held under these conditions it w^as found 
that the average diameter of the lesions vdthin the locules was one- 
half inch. At 70°, the temperature at \vhich most tomatoes are held 
for ripening, the average internal diameter of lesions developed in 10 
days is about tliree-eighths of an inch, whereas the external lesions are 
about one-fourth of an inch. The rate of enlargement of lesions begins 
to slow down at 75°, few spots reacliing a diameter greater than one- 
fourth of an inch and a depth of five-sixteenths of an inch within 10 
days. In mature-green tomatoes held at 85° no development of 
decay could be detected in 10 days. 

Kipe tomatoes inocidated vdtli Pleospora and held at 65° F. develop 
lesions almost one-half an inch in diameter in 1 week and a little less 
than five-eighths of an inch in diameter in 10 days. At 70° decayed 
areas one-half inch in diameter are developed in a week, and these 
lesions are approximately five-eighths of an inch in diameter within 10 
days. Above 70° the rate of enlargement of lesions diminishes rather 
mpidly. At 75° lesions develop only one-fourth of an inch in diameter 
in a week, and within 10 days most spots do not reach a diameter 
greater than five-sixteenths of an inch. Only slight development of 
decay can be detected after 10 days in fruits held at 80°. 

Because of variations in the manner of growth of Pleospora in 
inoculated tomatoes and unavoidable variations in the maturity of 
the fruits, the size of the lesions developed does not always indicate 
accurately the effects of the different temperatures upon the fungus. 
In some instances the fungus grew extensively inside the seed cavity 
while the external lesions remained relatively small. In making final 
readings on inoculated tomatoes the lesions were cut and cognizance 
was taken of the development in the interior of the fruit. For the 
direct effect of temperature changes upon the growth rate of the fungus 
reference shoidd be made to figure 1, which shows the diameters of 
the fungus colonies that developed on the flat surface of potato- 
dextrose agar in Petri dishes held at the specified temperatures. The 
gro%vth on artificial media does not correspond exactly wfith that made 
m the tomato fruit, but it is interesting to note that the minimum, 
optimum, and maximum temperatures for the growth of the organism 
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1. ]\rature-green tomato showing the early stages of pleospora rot about the stem scar: R, iiiature-gTeen 
tomato showing two V-shaped early stages of decay at the edge of the stem sear, and an advanced stage 
with gray surface mycelium; C, mature-green tomato showing the greenish-brown tlecay and well- 
developed grayish-hrown mycelium of the Xfncrosporium stage characteristic of tomatoes held on track or 
in the moist atmosphere of ripening rooms; D, section through stem end of mature-green tomato showing 
well-developed greenish-brown to brown decay and slight discoloration of the vascular elements under¬ 
neath the stem;"E, advanced stage of decay of ripe tomato showing mature black periiheeia. 
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agree^ rather closely with the results obtained in the inoculation 
experiments. 

THE CAUSAL ORGANISM 

IDENTITY 

A check of the measurements of the Pleospora isolated from Cali¬ 
fornia tomatoes indicates that it is identical with Pleospora lycopersici 
E. and E. Marchal (5), which was described in 1921 as a new fungus 
causing a fruit rot of tomatoes in Belgium. The conidial stage, deter¬ 
mined as Macrosporium sarcinaeforme Cav.,^ was also observed at 
that time, but no description was given of the type of lesions produced. 

The measurements for the California strain of Pleospora lycopersici 
as developed on potato-dextrose agar are as follows: Perithecia, 
265jLt-375/xX325ja-550ju average 325^X425;^; asci, 22.5/1-32.S^X 
125.5/.t-192.5iu, average 28.2jL6X167.0/i; ascospores, 12.5^-19. OX 
30.0At-41.0jLt, average 15.2AtX34.4At; conidia, 11.0/1-15.OAtX20.0Ai-36.5At, 
average 13.5/1X26.0/1. 

Except for a previous report by the writer (d), apparently no men¬ 
tion has been made of the occurrence of this fungus in the United 
States. 

DEVELOPMENT 

When the perithecia become moist or are placed in a drop of water 
the asci exude thi'ough the ostiole. As they emerge they absorb water 
very rapidly and by breaking thi’ough a thin place in the apex of the 
outer wall (pi, 2, D) the inner flexible wall elongates until the ascus 
is about twice its original length (pi. 2, C). The thicker, somewhat 
gelatinous inner wall continues to absorb water until the internal 
pressure becomes so great that it breaks. This wall usually ruptures, 
either at the tip of the ascus or just above the ring (pi. 2, C) made 
by the tip of the outer wall after it contracts towards the base of the 
ascus, as described by Atanasoff (7) for Pleospora herharum (Pers.) 
Rabh. In the second instance the ascospores are expelled laterally, 
while in the first the spores are ejected singly tlirough the small orifice 
at the apex much after the manner of shooting Roman candles. 
Hodgetts iS) describes a similar method of spore discharge in Lepto- 
sphaerm acuta (Moug.) Karst. The ascospores and conidia of P. 
lycopersici germinate readily in water and in tomato juice. In water 
at room temperature the germ tubes of ascospores develop within 3 
hours to the extent shown in plate 2, E. 

The drawings by El. and Em. Marchal (5) show the conidia to be smooth-walled. The epispores of the 
conidia belonging to the Pleospora isolated from California tomatoes are minutely echinulate. In some 
stages of development the conidia appear smooth, but characteristically theepispore is definitely echinulate 
(pi. 2, F, G, H). This character, together with the sarcinaeform type of spore, would place the conidial 
stage in the genus Ikyrospora as established by Tehon and Daniels (S), in which Thyrospora sarcinaeforme 
(Cav.) comb. nov. is made the type species. 


EXPLANATORY LEGEND FOR PLATE 2 

A, Longitudinal section through a mature peritheeium of Pleospora lycopersici. B, Longitudinal section 
through a peritheeium showing some stages in the development of asci and spores. C, Ruptured ascus 
showing six spores in the gelatinous matrix of the inner wall and two spores remaining in the foot of the ascus. 
The ring made by the broken outer wall, which contracts toward the base of the ascus, is shown just below 
the group of six spores. P, Mature ascus before absorption of water and elongation by rupture of outer wall. 
The small white V-shaped notch in the tip of the ascus marks the thin place in the wall at which rupture 
occurs. A Ascospores germinated in water. F, Conidiophores and conidia showing three developmental 
stages. G, Four mature conidia, H, Mature conidium greatly enlarged to show eeliinulation of the spore 
wall. /, Plate culture of P. lycopersici showing white saltant sectors, which produce perithecia but not 
conidia. J, Plate culture of P. lycopersici showing the rapidly developed gray mycelium of the Macrospo¬ 
rium stage in contrast with the white to light-gray slower growing mycelium of the Pleospora stage. 
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CULTURE STUDIES 
Development of Colonies 

Cultures srowii from single ascospores on potato-dextrose agar 
usually produce conidia_(pl. 2, F, 6) within a week, and shortly there¬ 
after numerous perithecia begin to form (pi. 2,1). Mature ascospores 
are not found Mthin the peiithecia (pi. 2, A, B) until the cultures are 
2 to 3 weeks old. Colonies grown from single conidia develop in the 
manner described above, both conidia and ascospores being formed in 
the usual length of time required for plantings made from mycelium 
and ascospores. 

CuLTUR.iL ChAR.CCTEHS 


This fungus, when grown on potato-dextrose agar slants in test 
tubes, can be separated readily from ordinary Alternaria and Macro- 
.iporium cultures by the rose-colored crescent formed at the top of 
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Figurk 1,-—Average diameters of colonies of Pleospora developed in 7 days on potato-dextrose agar pH 4.7 
(black bars) and pH 6.01 (light bars) at specified temperatures. 

tile slant. This colored crescent is 2 to 4 mm wide, and the pigment 
does not diffuse into the agar as is characteristic of the chromogenic 
Alternarias. Occasionally certain strains grown in plate cultures at 
high temperature develop a slight yellowish diffusible pigment, but 
this is not commo.n for the organism, whereas the rose crescent is 
characteristic. So far, it has been the writerexperience that all 
Macrosporium cultures that when 'solated from tomatoes and other 
hosts developed this rose crescent have produced a Pleospora stage. 

Cultures of Pleospora lycopersici developed from single spores have 
a marked tendency to produce saltant sectors such as that shown in 
plate 2, I. Some saltants, like the white V-shaped areas, develop 
rudimentary perithecia which seldom produce well-formed asci and 
spores. The remaining dark-gray, more rapidly growing part of the 
colony bears conidia and few perithecia. In plate 2, J, is shown a 
white cottony sterile growth in the center of the colony and a 
well-developed gray Macrosporium stage bearing conidia in great 
abundance. 
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Effect op Acidity and Temperature on Growth Rate 

In figure 1, which shows graphically the diameters of colonies of 
Pleospora that developed in 7 days at different temperatures, data 
are given on the effects of acidity upon the growth rate of the fungus 
on an artificial medium. In all experiments of this kind a potato- 
dextrose agar was used. For direct comparison studies a large amount 
of this medium was made and then divided into two lots; one lot was 
titrated to pH 6.01 and the other to pH 4.7. These acidities were 
arrived at by testing numerous mature-green tomatoes and tomatoes 
that were ripe enough to be in prime condition for salads. The aver¬ 
age pH value of the mature-green fruits was 4,7, whereas that of the 
ripe tomatoes was 6.01. 

The height of the black columns in figure 1 represents the weekly 
growth in diameter of the fungus culture on potato-dextrose agar of 
the acidity of mature-green tomatoes (pH 4.7); the light colimms 
indicate the corresponding growth made on agar of the acidity of ripe 
tomatoes (pH 6.01), In this figure it is readily seen that at all tem¬ 
peratures at which appreciable development was made the fungus 
grew more rapidly on the less acid medium. This is in complete 
accord with transit and market observations made on naturally infected 
and on artificially infected tomatoes, all of which showed more rapid 
decay in the ripening fruits. It should be noted, however, that the 
difference in the amount of decay made on green and ripe fruits is 
proportionately much greater than the difference between the size of 
the colonies developed on agar at pH 4.7 and 6.01 at corresponding 
temperatures. A probable explanation of this difference in the rate 
of development of the organism is that changes other than those in 
acidity, made during the ripening of the fruit, are also important in 
influencing the growth rate and consequently the amount of decay 
induced by this organism. 

The minimum temperature for the development of Pleospora lyco- 
persici on potato-dextrose agar (pH 4.7 and 6.01) is approximately 
35° F., and the maximum is 90°. Slight growth is made at these 
temperatures for the first 2 or 3 days and then all development ceases, 
although the organism is not killed at either of these extremes. The 
optimum temperature for the development of this fungus is 70°. 
As indicated in the graph, very poor growth is made at all tempera¬ 
tures up to 55° and above 85°, while at the temperatures at which 
tomatoes are shipped and ripened (60° to 80°) growth is favored. 
Change in the growth rate could be detected whenever the fungus 
showed a marked tendency toward developing either the conidial 
stage or the perfect stage to the exclusion or near exclusion of the 
other. The conidial stage, Macrospormm sarcinaeforme, always grew 
faster at higher temperatures, and its optimum was about 5° higher 
(75°) than that for the Pleospora stage. The colony illustrated in 
plate 2, J, which was developed from a single central planting, shows 
the variability in growth rate of the different stages of this organism. 

SUMMARY AND CONCLUSIONS 

Pleospora rot of tomatoes was first recognized in the United States 
in a car of California tomatoes received on the Chicago market in 
November 1919. Pure cultures of the causal organism were obtained 
at that time, and since then numerous other isolations of the fungus 
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liave been obtained. Pleospora rot has been found only in California 
tomatoes marketed during November and December and in Mexican 
stock shipped in January. 

The disease induced by Pleospora has become increasingly im¬ 
portant during the past 3 years. Losses of as high as 50 to 90 percent 
of the tomatoes in some cars have been reported. Infections may take 
place in the tomatoes wliile still in the field or during harvesting and 
packing. Deca}-' develops slowh^ dxiring the first 3 or 4 days in transit 
while the fruits are green, but as they ripen decay progresses more 
rapidly. Spots varying from one-fourth to three-fourths of an inch 
in diameter may develop during transit. Greenish-brown to brown 
moderately firm decayed areas invohung one-fourth of a fruit have 
been developed in ripening tomatoes within 10 days after shipment. 
The Macrosporlurn stage is evident on the fruits at the time of 
arrival on the markets, and in most lesions one-half an inch in di¬ 
ameter the Pleospora stage is also evident. 

ivlatiire-green tomatoes inoculated \rith Pleospora lycopersici and 
held at various temperatures show little or no decay below 45^^ F., 
or above 80^. The greatest development of decay takes place at 65*^ 
to 70°. Decay developed more rapidly in inoculated ripe tomatoes 
at aU temperatures, but the minimum, optimum, and maximum 
temperatures were about the same as for green fruits. 

The fungus isolated from California tomatoes has been found to be 
identical yvith Pleospora lycopersici, wliicli was described in 1921 by 
El. and Em. Marchal as a new fungus causing decay of tomatoes in 
Belgium. The conidial stage, Macrosporium sarcmaejorme Cav., was 
reported b}- them, and it has been found constantly associated with 
the Pleospora stage in California tomatoes. Single-spore cultures 
made from either ascospores or conidia give rise to both the Pleospora 
and Macrosporium stages of the fungus. 

On potato-dextrose agar (pH 4.7 and 6.01) the minimum tempera¬ 
ture for growth of the fungus was 35° F., the optmium 70°, and the 
maximum 90°. In cultures having a distinct tendency toward pro¬ 
ducing the Macrosporium stage the growth rate was more rapid than 
in those cultures in wliich the Pleospora phase was dominant. The 
optimum temperature for the development of the Macrosporium 
stage alone was about 75°. At all temperatures at which appreciable 
development of the fungus was made, the growth rate was more 
rapid on the agar having a pH value of 6.01 (the average acidity of 
ripe tomatoes) than on one having a pH value of 4.7 (the average 
acidity of mature-green tomatoes). ^ This harmonizes with the fact 
that most rapid and serious decay induced by Pleospora lycopjersici 
takes place on the market in tomatoes that are in the turning and 
ripe stages. 
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A CHEMICAL INVESTIGATION OF THE FERMENTATIONS 
OCCURRING IN THE PROCESS OF POI MANUFACTURE ‘ 

By Leoxoka Neuffer Bilger, collahorator hi chetnical research, and Hoxg Yip 

Young, assistant in chemical research, Hawaii Agricultural Experiment Station 

INTRODUCTION 

In a bulletin of the Hawaii Agricultural Experiment Station {2) - 
Allen and Allen discussed, from the bacteriological standpoint, the 
fermentations occurring in the preparation of poi. They concluded 
that the fermentation of poi might be divided into two phases, the 
first, covering 5 or 6 days, in which bacteria of a liigh acid-producing 
type predominated; and the second, extending from the third to the 
sixth day, in which a flora of yeasts, mycoderms, and oidia was 
increasingly prevalent. Tliis paper reports the results of an attempt 
to identify chemically the products of bacterial action shown by 
x411en and Allen to occur in poi at different stages of fermentation. 

So far as the specific products of fermentation are concerned, the 
study resulted in qualitative determinations only. Attempts to secure 
quantitative data led to the conclusion that the plwsical nature of poi, 
variations in samples, exceedingly small quantities of fermentation 
products, and the effect of even very slight variations in conditions 
upon such small quantities rendered cpiantitative determinations 
practically impossible. The quantities could only be roughly indi¬ 
cated. 

Preliminary to the identification of the specific products of fermenta¬ 
tion, quantitative determinations were made of starch, reducing 
sugars, volatile acids, and nonvolatile acids in fresh poi ^ and in poi 
at various stages of fermentation. These data proved of value in 
predicting the products of the chemical and bacteriological changes. 
Quantities of fresh poi were obtained as needed from a poi factory in 
Honolulu. Attempts to use frozen poi were abandoned early in the 
work because it was found difficult to secure the uniformity of samples 
necessary for analytical purposes. 

ANALYSIS OF FRESH POI 

IMethods used in the analysis of fresh poi for moisture, starch, 
pentosans, reducing sugars, sucrose, proteins, fat, crude fiber, ash, 
phosphorus, and calcium were standard methods taken, in the 
main, from Allen (7, i\ 1), Official and Tentative Alethods of Analysis 
(^), and Brovne (4)* deducing sugars were determined by ilcAllep s 

1 Received for publication Feb. 20,1934; issued August 1935. 

2 Reference is made by number (italic) to Literature Cited, p. 49. 

3 The manufacture of poi is described by Allen and Allen (2). After taro has been cooked, ground, and 
mixed with water, the product is known as fresh poi. Incubation and fermentation follow. 
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methylene bine method (7). The results, which are averages of tripli¬ 
cate determinations, arc given in the followdng tabulation: 


Percent 


Moisture _69. 3 

Starch (takadiastase) _ 27. 0 

Pentosans _ 1. 3 

Reducing sugars- . 5 

Sucrose _ . 03 

Proteins _ . 31 


Percent 


Fat_0. 07 

Crude fiber_ . 39 

Ash_ . 46 

Phosphorus- . 057 

Calcium_ .018 


These data account for approximately 99.5 percent of the weight 
of poi used for analysis and, considering unavoidable variations in 
samples, the starch and reducing sugars found check well vitli those 
recorded in table 1 for 0-hour poi. 


DETERMINATION OF STARCH AND REDUCING SUGARS PRESENT 
IN POI AT THE VARIOUS STAGES OF ITS FERMENTATION 

Starch and reducing sugars were first determined together by acid 
hydrolysis of the starch. Then reducing sugars alone were determined 
by the colorimetric blood sugar method (d). The percentage of starch 
was obtained by difference. The cliief difficulty encountered in this 
analysis lay in" the mechanical separation of reducing sugars from 
starch. Centrifuging poi and water mixtures for 30 minutes at 
1,500 revolutions per minute was substituted for filtering. ^ The 
variations in the amounts of reducing sugars and starch present in poi 
during fermentation from the stage of fresh poi, 0 hour, to sour poi, 8 
days, are shown in table 1. 

T.\ble 1 ,—Reduciiig sugars and starch in poi at various stages of fermentation 


Age of poi at 
time analyzed 

Re¬ 

ducing 

sugars 

Starch 

Age of poi at 
' time analyzed 

.. 

Re- 

dueing 

sugars 

.. . 

starch 

Age of poi at 
time analyzed 

Re¬ 

ducing 

sugars 

starch 

0 hour..1 

6 hours. 

12 hours_ 

18hours-- _ 

Per¬ 
cent 
i 0.53 

1 ,48 

1 .14 

1 

Per¬ 

cent 

25.6 

25.8 

26.0 

25.8 

24 hours_ 

2 days_ 

3 days .. 

4 days- 

Per¬ 

cent 

0.10 
. 11 
.14 
.12 

Per¬ 

cent 

26.0 

25.8 
24.5 

23.9 

5 days--.. 

6 days_ 

7 days__ 

S days---.- 

Per¬ 
cent 
0.12 
. 15 
.18 
.15 

Per¬ 

cent 

23.4 

23.2 

23.2 

22.2 


Allen and Allen (2) state, from bacteriological evidence only, 
that there is little doubt that the fermentation of poi is a complex 
one and that the immediate evidence of fermentation, such as the 
evolution of carbon dioxide and an increase in acidity, indicate that 
carbohydrates are among the first substances to be attacked. The 
data in table 1 show a rapid decrease of sugars early in the fermenta¬ 
tion. The fair degree of constancy of the percentage of reducing sugars 
from 12 hours to 8 days is consistent with the continuous diminution 
in starch content. The fairly constant values found for reducing 
sugars after the first 12 hours may be accounted for by a counter¬ 
balancing due to starch hydrolysis, or the constant values may indi¬ 
cate that all reducing sugars had been fermented and that the values 
found result from nonfermentable reducing substances present in the 
poi. 
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The decrease in starch content shown in table 1 was predicted 
by Allen and Allen (^) and is consistent with the anticipated beiiavior 
of the micro-organisms found by them. They state that there is 
reason to believe that during the period of acid production consider¬ 
able starch is hydrolysed and thus converted into available energy. 
However, Miller (5), who studied the microbial fermentation of poi, 
failed to find any appreciable decrease in starch content. Allen and 
Allen (2), in commenting on Aliller's data, state that since a pH 
value was not given for the fresh poi, the sample very probably was 
comparatively acid at the time of starch analysis and hydrolysis had 
already occurred. 

DETERMINATION OF VOLATILE AND NONVOLATILE ACIDS PRES¬ 
ENT IN POI AT THE VARIOUS STAGES OF ITS FERMENTATION 

The methods described in Official and Tentative Alethods of Analy¬ 
sis (3) were used to determine volatile and nonvolatile acids. Fifty- 
gram samples of poi of the ages showm in table 2 were used. Each 
sample was mixed with 100 cc of water and centrifuged for 5 minutes 
at 1,500 revolutions per minute. The supernatant liquid ^vas decanted, 
additional water placed in the centrifuge tubes, and the centrifuging 
and decanting repeated until 500 cc of a water extract of the poi 
sample was obtained. The extract was distilled by ordinary distilla¬ 
tion vuth periodic checking of the distillate by titration and the addi¬ 
tion of water to the distilling flask, as described in Official and Tenta¬ 
tive Methods of Analysis (3). Yolatile and nonvolatile acids w^re 
determined by titration with 0.2 normal sodium hydroxide solution. 
The results are given in table 2. 

Table 2. —Volatile and nonvolatile acids expressed as milligrams of hydrogen in 

oO-g samples 


Age of poi at 
time analyzed 

Vola¬ 

tile 

acids 

Non¬ 

volatile 

acids 

Age of poi at 
time analyzed 

Vola¬ 

tile 

acids 

Non- ; 
volatile ' 
acids j 

i 

Age of poi at 
time analyzed 

Vola¬ 

tile 

acids 

Non¬ 

volatile 

acids 

0 hour_ _ 

1.00 

! 0.93 

1 dav . . 

1.60 ! 

i 

1.40 i 

7 da VS-- . 

1 3.56 

i 4.41 

2 hours_ 

.87 ! 

.99 

3 days_ 

3.15 1 

2.07 i 

li 

10 days_ 

1 0.75 

i 4.36 


The micro-organisms found in Allens’ bacteriological study to be 
present in poi are capable of inducing chemical changes which residt 
in the formation of both volatile acids such as formic, acetic, propionic, 
and butyric, and nonvolatile acids such as lactic, oxalic, citric, malic, 
tartaric, and succinic. Those micro-organisms responsible for the 
volatile acids are known to be more active in the later stages of fer¬ 
mentation of poi than in the earlier stages. 

IDENTIFICATION OF SPECIFIC SUBSTANCES PRESENT IN POI AT 
VARIOUS STAGES OF ITS FERMENTATION 

The results of the complete analysis of poi, the study of reducing 
sugars and starch, the determination of^ volatile and nonvolatile 
acids, and the identification of micro-organisms through the bacterio¬ 
logical investigation made possible some definite predictions as to 
products resulting from the chemical changes induced by the micro- 
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organisms. Allen and Allen {2) state that the acid-producing bac¬ 
teria of the Streptococcus and Lactobacillus species, the principal 
agents of fermentation, are able to produce not only large quantities 
of lactic acid but also moderate quantities of acetic, propionic, suc¬ 
cinic, and formic acids, in addition to traces of acetone and alcohol. 
The species of yeasts, mycoderms, and oidia, present in much smaller 
numbers, could not account for the major chemical changes but could 
cause the formation of alcohol, carbon dioxide, and some acetic acid. 

In the chemical study search was made for lactic, acetic, formic, 
propionic, butyric, malic, tartaric, succinic, citric, and oxalic acids, 
carbon dioxide, alcohol, acetone, and aldehyde at the stages from 0 
hour to 10 days. Table 3 summarizes this study and is followed by a 
discussion of results. 


Table 3. —Eesults of experimentation to determine specific substances resulting from 
chemical changes induced by micro-organisms at various stages of poi fermentation ^ 


Substance found 

0 hour 

2 hours j 1 day 

3 days 

5 days 

7 days 

10 days 

Lactic acid.. 

4-4- 

+++ 

+++ 

4-4-4- 

444 

444 

Acetic acid. 

0 

. 4 . 4 . ' .4-4- 

4-4- 

4-4-4- 

-f-t-4- : 

444 

Formic acid.... 

0 

-fH- ' 4-4- 

-b4- 1 

44 ; 

4-4- : 

44 

Alcohol...___ I 

0 1 

4- [ 4- 

-b i 

4- 1 

■f ! 

4- 

Acetaldehyde.. ..-... 

0 ' 

0 ! . 4“ 1 

4_ ! 

4- 

“b ! 

-b 

Carbon dioxide-- : 

4-4-4- i 

4-f-r 1 -f4--]- 1 

4-4-4- 

i 


++4- 

1 


i 0 indicates the absence of the indicated substance, 4 - that traces were found, 4 -+ that the substance was 
present in small amounts, and -f 4 -+ that appreciable quantities were present. 


The treatment of poi samples and the methods used in testing for 
the various substances referred to in table 3 were briefly as follows: 
Alcoholic extracts (f, v. 1) of lactic, acetic, and formic acids, were 
obtained by triturating 100-g samples with 75 cc of 95-percent alcohol. 
The alcoholic extracts were filtered, diluted, made alkaline with 
excess of sodium carbonate, concentrated to small volumes, clarified 
with a decolorizing carbon, neutralized with hydiuchloric acid, and 
boiled to remove carbon dioxide. These solutions were subjected to 
qualitative tests (1 , i\ 1; 5). To detect lactic, formic, and acetic acids, 
qualitative tests (i, r. 1; 5) were also applied to properly preparecl 
samples, obtained from the distillation of volatile acids by the Dyer 
method (5). 

The guaiacol, iodoform, aldehyde, and ferric cliloride tests were 
used for lactic acid. Also, calcium lactate crystals were prepared 
from a sample of 900 g of fresh poi and identified by qualitative tests 
and by microscopic comparison with crystals of U. S. P. calcium 
lactate. For acetic acid, the concentrated sulphuric acid, ethyl 
acetate, and ferric chloride tests were applied. The mercuric chloride, 
silver nitrate, and ferric cMoride tests were used for formic acid 
(f, i\ 1; 5). 

Tests for alcohol (7, i\ 1; 9) and for acetaldehyde (f, i\ 1; 9) were 
applied to samples of the distillates obtained in the determination of 
volatile acids and also to samples prepared as follows: One-hundred- 
gram samples of poi, at the fermentation stages indicated in table 3, 
were distilled vith 150 cc of water, made slightly alkaline with 6 nor¬ 
mal sodium hydroxide, and distilled over a water bath at a temperature 
of 50° C. and under pressure of 100 mm until 100 cc of distillate were 
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obtained. ^ For alcohol, the ethyl acetate, ethyl benzoate, iodoform, 
and alkaline potassium permanganate tests were used, and lor 
acetaldehyde, the Felding, ammoniacal silver nitrate, aldehyde lesiii, 
and Nessfer tests were applied. 

Propionic acid, butyric acid, higher fatty acids (o), malic acid, 
tartaric acid, succinic acid, citric acid, oxalic acid {L i\ 1], and 
acetone (f, i\ 1) were absent at all stages of fermentation. Tests for 
these substances were made both on alcoholic extracts of poi and on 
residues remaining from the distillation of volatile acids. 

While it is known that a butyric ferment is present in poi, it was 
proved that lactic acid is not converted to butyric acid under ordinary 
conditions of fermentation either in the early stages of fermentation 
or in poi which has fermented as long as 15 days. However, butyric 
acid was isolated and identified (f, i\ 1; 5) from a mixture of poi and 
calcium carbonate which had been allowed to stand for 15 days. Xo 
butyric acid was obtainable from poi in earlier stages of fermentation 
even in the presence of calcium carbonate. The well-known unpleas¬ 
ant odor and taste of veiy old poi may be accounted for by tlie forma¬ 
tion of butyric acid as the acidity diminishes upon long standing. 

SUMMARY AND CONCLUSIONS 

The chemical investigation of the fermentations occurring in poi 
manufacture included a complete analysis of poi, the determination 
of reducing sugars, starches, volatile acids, and nonvolatile acids pre¬ 
sent at various stages of fermentation, and the identification of the 
products of fermentation. The analysis showed poi to be a starcliy 
food consisting of about G9 percent water, 27 percent starch, and 
relatively small amounts of other substances. Reducing sugars 
decreased rapidly in the eaiiy stages of fermentation and remained 
fairly constant in amount from the stage of 12 hours to S days. 
Starches decreased from the second to the eighth day of fermentation. 

The fermentation products identified were lactic acid, acetic acid, 
formic acid, alcohol, acetaldehyde, and carbon dioxide. These are 
consistent wdth the predictions made from the bacteriological study 
of the micro-organisms described by Allen and Allen (2). The results 
of the investigation show that the fermentations occurring in poi 
manufacture are due primarily to the action of micro-organisms on 
carbohydrates. 
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RESULTS OF FEEDING SPROUTED OATS TO CORRECT 
STERILITY IN CATTLE AND SWINE' 

By L. A. Henke 

Animal hushandman, Hawaii Agricultural Experiment SlMioji 

INTEODUCTION 

The idea that sprouted oats might have value in restoring breeding 
power to cows temporarily sterile due to diet deficiencies probably 
had its origin in the work of Evans and Bishop - and others. These 
writers, working with rats, demonstrated the existence of a hitherto 
unrecognized vitamin which was later called vitamin E. 

Preliminary experiments on the feeding of sprouted oats to tempo¬ 
rarily sterile cows were initiated as early as 1923, and more elaborate 
experiments were started in 1925 at the Beltsville dairy farm of the 
Bureau of Dairy Industry of the United States Department of Agri¬ 
culture.^ This work was continued, and in 1930 the results of feeding 
sprouted oats to cows which were temporariU sterile and in which no 
pathological conditions could be found were given by Graves."^ Mil¬ 
ler and Graves ^ in reporting on the health records of the Beltsville 
herd give details on the methods of feeding sprouted oats and report 
that 57 females were directly benefited and 31 were not benefited, 
as judged by the number of services required to produce conception. 
In 27 cases, the cows conceived to a service just previous to the start 
of the oat feeding, and it is not definite^ known whether such feeding 
was beneficial. There was no evidence that sprouted oats were 
helpful to the cows showing pathological changes in the genital organs. 

Moore ® of the Mississippi Agricultural Experiment Station fed 
sprouted oats to Jersey and Ayrshire heifers which had failed to 
breed. In several cases such oat feeding was helpful, but in others 
the results were negative. 

EXPERIMENTS WITH CATTLE 

EARLY OBSERVATIONS AT THE HAWAII STATION 

The feeding of sprouted oats to heifers and cows that exhibited an 
abnormal breeding behavior was started in January 1927. These 
included animals which seemingly did not have the normal oestrum 
periods or, if the periods occurred normally, did not conceive when 
bred. Oats were germinated in trays and fed at the rate of 2 pounds 
(dry weight before germinatmg) per day until such time as the cows 
were thought to be pregnant. Tiiis plan was continued for about 
3b years. 


1 Received for publication Mar. 19, 1935; issued August 1935. 

“ Evans, H. M., and Bishop, K. S. on the existence of a hitherto unrecognized dietary factor 
ESSENTIAL FOR REPRODUCTION. Science (n. s.) 56: 650-651. 1922. 

3 Graves, R. R. dairy cattle breeding investigations. U. S. Dept. Agr., Bur. Dairy Indus. Ann. 
Rept. of Chief, 1926, p. 5. 1926. 

i -. division of breeding, feeding, and management investigations, it. S. Dept. Agr., Bur. 

Dairy Indus. Ann. Rept. of Chief, 1930, p. 17. 1930. 

^ AIillee, F. W., and Graves, R. R, repeoduction and health records of the beltsville herd 
of the bureau of dairy industry. U. S. Dept. Agr. Tech. Bull. 321: 15-17. 1932. 

6 Moore, J. S. feeding sprouted oats to overcome difficult breeding. Aliss. Agr. Expt. Sta. 
Ann. Rept. (1926-27) 40 : 23. 1927. 
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Six of these oat-fed cows were animals that had failed to show any 
definite signs of being in heat after an average of 192 days after 
calving. Four of them exhibited heat periods and were successful!}’' 
bred after an average of 13 days of oat feeding. A fifth cow was 
successfully bred in her second oestrum, which occurred 39 days 
after a IT-day oat-feeding period had been discontinued. The sixth 
cow w'as fed sprouted oats for 110 days, during which time she had 
two heat periods and was bred, but neither of these 2 services or the 
6 that followed over a period of 1 year resulted in pregnancy. 

One other cow had had 5 services, none of which resulted in preg¬ 
nancy, This cow was then fed sprouted oats for 171 days, during 
which time there were 4 more services, none of which resulted in 
conception. 

EXPERIMENTS WITH FEEDING OATS 

As the early observations, while lacking controls, w^ere in general 
rather favorable to sprouted oats as a feed, a more definite experiment 
was planned which began November 1, 1930. For this experiment, 
the following classes of cows were considered as having abnormal 
breeding behavior: 

Class 1, heifers 24 months of age or older that seemingly show no heat periods. 
Such heifers were fed sprouted oats from the time they were 24 months old till 70 
days after the last bull service. 

'Class 2, cows that had not come in heat -wathin 4 months after calving. Such 
cows were fed sprouted oats after this 4-month period till 70 days after the last 
bull service. 

Class 3, cows and heifers that had been bred once but had come in heat again. 
Such cows were fed sprouted oats till 70 days after the last service by the bull. 

Class 4, the cows that had been the control ^oups in classes 1, 2, and 3 during 
the earlier part of the experiment and were still nonpregnant. 

This plan included all animals in the herd except such as might be 
on some special test which would confuse the results. The first 
animal which fitted into one of the classes was fed sprouted oats 
as indicated; the second cow was not fed oats but was considered as 
a control animal; the third cow was fed oats; the fourth was not, etc. 
All the experimental animals received ample green feed daily. 

Oats were germinated in trays and fed when the sprouts were from 
one-half to 2 inches long, at the rate of 2 pounds of oats (dry basis) 
per cow per day. For the most part, the cows ate the sprouted oats 
fairly well. 

The tables show the results of feeding oats in the various classes. 
The reaction of each cow to the agglutination test for abortion is 
shown in all cases, the first character showing reaction at 1 to 25 
dilution, the second at 1 to 50 dilution, and third at 1 to 100 dilution. 

Table 1 gives the record of the cows in class 1. 
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Table 1.— Record of individual cows in class 1 





Period 
from 24 
months 

Period oats 
were fed 

Bull services 


Group 

Cow 

no. 

Agglutina¬ 
tion test I 

of age to 
service 
that re¬ 
sulted in 
preg¬ 
nancy or 
last serv¬ 
ice pre¬ 
vious to ! 
sale 

Before 

preg¬ 

nancy 

After 

preg¬ 

nancy 

Before 

feeding 

oats 

After 

feeding 

oats 

Calf 

produced 

Fed oats__ 

/ 103G 

1 112H 
/ 106H 

_ 

Days 

469 

Days 

113 

Days 

0 

Number 

0 

i 

Number] 

5 

Yes. 


P — — 
+ - - 

SI 

2 

69 

0 

4 

1 

: Yes. 

' Yes. 

uoDtroi —--- 

1 121G 

— — — 

343 



1 


No. 






j 

! 


1 Capital P means partial, plus sign (+) positive, minus sign (-) negative, 

2 Oats not fed. 


Pregnancy did not occur in cow 103Q till 353 days after sprouted- 
oats feeding had been stopped. Pregnancy occurred in cow 112H 
only 2 days after the feeding of oats was started. It is doubtful 
whether oats feeding was a determining factor in either case. 

The data for the individual cow^s in class 2 that were continued in 
the herd long enough to get final calving data are shown in table 2. 

Table 2.— Record of individual cows in class 2 


Group 


Fed oats,— 


Control 2.. 


Cow 

no. 

Agglutina¬ 
tion test 1 

Date of last 
previous par¬ 
turition 

Period 
from 
calving 
to first 
ob¬ 
served 
heat 
period 

Period 

from 

calving to 

Period oats 
were fed 

Bull services 

Calf 

pro¬ 

duced 

service 
that re¬ 
sulted in 
preg¬ 
nancy or 
last serv¬ 
ice pre¬ 
vious to 
sale 

Be¬ 

fore 

preg¬ 

nancy 

After 

preg¬ 

nancy 

Be¬ 

fore 

feed¬ 

ing 

oats 

After 

feed¬ 

ing 

oats 











Num- 

Num- 








Days 

Days 

Days 

Days 

ber 

ber 


97H 

P 

— 

— 

Aug. 

11,1930 

191 

369 

227 

0 

0 

4 

Yes. 

lOOH 

— 


— 

Nov. 

7.1930 

165 

299 

91 

0 

0 

2 

Y"es. 

86G 

_ 

— 

— 

July 

12,1931 

240 

240 

111 

70 

0 

1 

Y^es. 

92H 1 

— 

_ 


July 

31,1931 

141 

426 

99 

0 

0 

4 

Y^es. 

49H 


4- 

4- 

Nov. 

8,1931 

159 

159 

38 

69 

0 

1 

Y^es. 

lOlG 1 




lAug. 

29,1932 

156 

156 

2 

70 

0 

1 

' Y"es. 

72H 

— 

— 


Jan. 

9,1933 

140 

140 

4 

70 

0 

1 

Y"'es. 

65H 

— 


— 

Jan. 

20,1933 

130 

415 

75 

0 

0 

3 

Y'es. 

U08H 

— 

— 


Jan. 

24,1933 

165 

205 

84 

70 

0 

3 

Y"es. 

91G i 

+ 

■A- 

4_ 


2 1^30 

175 

479 



5 


Yes. 

95H 




Auf 

12 ’ 1930 

124 

430 



5 


Yes. 

99H 

4- 




11 ’ 1930 

168 

168 



1 


Y^es. 

62H 





4 1931 

195 

214 



2 


Yes. 

)l04H 





20 1931 

139 

139 



1 


Y’’es. 

31H 

+ 




12 1931 

133 

133 



1 


Y^es. 

72H 

4- 



Oot, 

16'1931 

178 

178 



1 


Y'es. 

109H 

P 



Alls'. 

1,1932 

169 

169 



1 


Yes. 

113H 1 




Aug. 

27,1932 




0 


No. 

S6G 1 


- 

- 

Dec. 

17,1932 

162 

152 



1 


Yes. 


J Capital P means partial, plus sign (-p) positive, minus sign (—) negative. 
2 Oats not fed. 
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All of tlie 9 oat~fed cows eventuallv produced calves; 9 of the 10 
cows in the control group also produced calves. The 9 oat-fed cows 
were fed sprouted oats for an average of 81 days before pregnancy, 
and in addition 5 of them were fed oats for 70 days each after preg¬ 
nancy. The plan was to feed all of them sprouted oats for 70 days 
after pregnancy, but in the case of 4 of the cows the final breeding 
period, which resulted in pregnancy, did not occur till 70 or more days 
after the previous service, which \vas assumed to have resulted in 
conception. 

For the cows wliich produced calves, an average of 2.2 services 
were requii’ed per conception in both the oat-fed and the control 
groups. 

Two of the cows, 72H and S6G, appear in both the oat-fed and con¬ 
trol groups but for difterent gestation periods. This is possible since 
this experiment covered a period of nearly 4 years. 

For the 9 oat-fed cows an average of 165 days occurred from the 
time of calving to the fii'st observed heat period and 268 days to the 
service that finally resulted in pregnancy; for the 9 cows in the con¬ 
trol group, the corresponding figures are 159 and 229 days, respec¬ 
tively. 

The data for the cows in this class fail to show that feeding sprouted 
oats was of any value in bringing about conditions favorable to 
pregnancy. 

In class 3, oat feeding was started after the first heat period that 
occurred after the one when the cow was first bred and continued for 
70 days after the last heat period wdien the cow was bred. Seventy 
days provides time enough for three normal oestrum periods. If none 
occurred, it was assumed that the cow w^as pregnant and oat feeding 
was stopped. Actually, however, in 11 cases out of 27, heat periods 
did occur later after none had been observed in the 70-day oat-feeding 
period. In these cases after oat feeding had been stopped it was not 
started again, and oats were fed only previous to pregnancy, because 
the cow was believed to be pregnant wdien oat feeding was stopped. 
The results are shown in table 3. 

Of 27 oat-fed cows and heifers in class 3, 20, or 74 percent, produced 
calves; of the 25 control animals, 18, or 72 percent, produced 
calves. The cows in the oat-fed group were fed oats an average of 
115 days each, and for the 20 cows that produced calves, 3.4 services 
were required per conception. In the control group the 18 cows that 
produced calves required 4.2 services per conception. 

Since a period of about 4 years elapsed duriug this experiment, a 
cow might appear twice in the same group or in both groups, for, as 
previously explained, every other cow exliibiting the same apparent 
breeding trouble, in the order in which it occurred, was fed oats. 
Thus, 2 cows appear twice each in the oat-fed group, 3 appear twice 
each in the control group, and 8 appear in both groups. 

Of the oat-fed group, 7 cows were fed oats both before and after 
pregnancy; 12 were oats fed only before pregnancy and 8 only after 
pregnancy. 

For the 18 oat-fed cows (heifers excluded) that produced calves, an 
average of 282 days elapsed between the last previous parturition and 
the service that finally resulted in pregnancy; for the 15 control cows 
(heifers excluded), an average of 252 days was required. 
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Table 3 .—Record of individual cows in class 3 


Group 

Cow 

no. 

Agglutina¬ 
tion test 1 

Date of last 
previous par¬ 
turition 

Period 
from calv¬ 
ing to 
service 
that re¬ 
sulted in 
pregnancy 
or last 
service 
previous to 
sale 

Period oats 
were fed 

! Bull services 

I 

i Calf 

1 pro- 
! dueed 

i 

j 

1 

Before 

preg¬ 

nancy 

1 

After 

preg¬ 

nancy 

; Before 

1 feeding 
i oats 

1 

1 

; After 
feeding 
j oats 

! 







Bays 

Bays 

Bays 

Nu mber 

Number 



51G 

— 

— 

— 

Apr. 21,1929 

758 

64 

70 

7 

2 

Yes. 


80G 

— 

— 

— 

July 19,1929 

472 

70 

0 

2 

0 

No. 


MR 

P 

— 

— 

Feb. 9,1930 

272 

0 

70 

4 

0 

Yes. 


98H 

— 

— 

— 



138 

0 

4 

4 

No 


49H 


+ 

+ 

Feb, 12,19^ 

325 

0 

70 

2 

0 

Yes. 


45H 

— 

— 

— 

Mar. 30,1930 

1,112 

449 

0 

3 

12 

No. 


74H 

+ 

— 

_ 

May 29,1930 

214 

19 

78 

2 

1 

Yes. 


31H 

+ 

+ 


June 10,1930 

185 

0 

70 

2 

0 

Yes. 


89G 

— 

— 

— 

July 18,1930 

246 

0 

70 

2 

0 

Yes. 


72H 

P 

— 

— 

Sept. 12,1930 

132 

0 

115 

2 

0 

Yes. 


108H 

—. 

— 

— 



0 

70 

0 

0 



96G 

— 

— 


Nov. 27,1930 

263 

70 

0 

2 

1 



42H 

— 

_ 

— 

Jan. 9,1931 

173 

20 

70 

2 

1 

Yes. 

Fed oats. 

770 



+ 

Jan. 30,1931 

301 

191 

70 

2 

4 

Yes. 


52H 

— 

— 

— 

May 3,1931 

414 

70 

0 

4 

0 

Yes, 


lOlG 

_ 

■— 

_ 

July 3,1931 

135 

12 

71 

2 

1 

Yes. 


60H 

— 

_ 

— 

Oct. 16,1931 

220 

0 

70 

2 

0 

Yes. 


89G 

— 

— 


Jan. 4,1932 

207 

0 

70 

2 

0 

Yes. 


114G 


_ 

_ 



69 

0 

0 

1 

No 


102 H 


— 

_ 

Apr. 25,1932 

258 

69 

0 

2 

6 

No. 


122H 

_ 

— 




70 

0 

2 

1 

Yes. 


83H 

— 

— 

— 

July 11,1932 

262 

17 

70 

2 

1 

Yes. 


lllH 


— 

— 

July 29,1932 

471 

105 

0 

2 

2 

Yes. 


82H 

~ 

— 

— 

Sept. 3,1932 

225 

87 

71 

2 

3 

Yes. 


105H 

— 

— 

— 

Sept. 21,1932 

290 

86 

0 

2 

2 

Yes, 


85H 

__ 

— 

_ 

Oct. 14,1932 

535 

287 

0 

2 

9 

No. 


42H 

— 

__ 

— 

Mar, 30,1933 

385 

117 

0 

2 

5 

No. 


60H 

_ 

— 

_ 

Dec. 15,1929 

392 



5 


Yes. 


82H 


_ 


May 31,1930 

184 



3 


Y es. 


32G 


_ 


June 29,1930 

367 



4 


No.' 


68 H 

+ 

4 . 

+ 

June 30,1930 

194 



5 


Yes. 


94 G 




July 9,1930 

288 



5 


Yes. 


105H 


_ 





9 


Yes. 


65H 

— 

__ 

_ 

Sept. 1930 

199 



1 4 


‘ Yes. 


107 G 

_ 

_ 

_ 




4 

1 

Yes. 


83H 

P 

_ 

_ 

Nov. 19,1930 

324 



6 


Yes 


59H 


+ 

p 

Nov. 23,1930 

496 



9 


No. 


67G 

+ 

4- 

+ 

Dec. 26,1930 

199 



4 


Yes. 


109H 

+ 






3 


Yes. 

Control 2 — 

85H 


_ 

_ 

Jan. 14,1931 

367 



8 


Yes. 

88 H 


_ 

_ 

Mar. 10,1931 

112 



2 


Yes. 


71H 

__ 

_ 

_ 

July 29,1931 

367 



2 


Yes. 


79H; 

p 

_ 

_ 

Aug. 19,1931 

326 



4 


Yes. 


74H: 

P 


_ 

Oct. 1,1931 

202 



2 


Yes. 


94G 


_ 

_ 

Feb. 7,1932 

255 



4 


No. 


117G 







2 


No. 


llOH 

_ 

_ 

_ _ 

Feb. 28,1932 

240 



2 


No. 


51G 

_ 

— 

_ 

Mar. 7,1932 

311 



3 


No. 


77 Gt 

+ 

p 

_ 

Sept. 2,1932 

154 



4 


No. 


68 H 




Oct. 12,1932 

235 



4 


Yes. 


112H 




Dec 17,1932 

123 



2 


Yes, 


. 74H 

P 

- 


Jan.' 28,1933 

265 



3 


Yes. 


1 Capital P means partial, plus sign (+) positive, minus sign (-) negative. 

2 Oats not fed. 


Examinations for abnormal conditions in the reproductive organs 
of the cows were made in only a few cases. 

Except that the number of services required per conception were 
slightly lower in the case of the oat-fed covrs, there is little else to 
suggest that feeding oats was helpful to the cows in this class. 

During the latter part of the experiment, the cows that had formed 
the control groups of the first three classes were designated as class 4 
and were fed sprouted oats to note their effect on animals that had 
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failed to conceive normally over a long period. Class 4 included all 
controls in the dairy that had not had a heat period or had had a 
reoceiirrence of a heat period 7 months or later after calving, and 
heifers that had not yet calved, that had not had a heat period by 27 
months of age, or had had a reoccurrence of a heat period after that 
age. It was believed that if such animals should become pregnant 
after feeding sprouted oats, it would definitely indicate that sprouted 
oats had value in correcting sterility in dairy cattle. 

In the case of 3 of these cows, 2 of which had had 3 previous services 
and 1 had had 2, the service preceding the beginning of oat feeding by 
2, 3, and 4 days, respectively, resulted in pregnancy, indicating a value 
in possibl 3 "- preventing reabsorption of the fetus. 

One sterile heifer that had had 3 services previous to feeding oats 
was fed sprouted oats for 68 days, during which time no symptoms of 
being in heat were observed; but after oat feeding had been stopped, 
there were 4 more heat periods at each of which she was bred but 
pregnancy did not result. An examination by a veterinarian failed 
to show' any pathological conditions in the reproductive organs of this 
heifer. 

Three other cow's in this group seemingly w'ere not benefited by 
feeding oats, but for reasons of economy it wms necessary to dispose of 
them. 

EXPERIMENTS WITH SWINE 

EARLY OBSERVATION TESTS 

The feeding of sprouted oats to sows w'as started early in 1928, about 
1 year after observation tests along this line were started with cow'S. 
Sprouted oats w'ere fed at the rate of 1 pound (dry basis) per sow per 
day to SOW’S that had an abnormal breeding schedule until the sow^s 
were believed to be pregnant. Eighteen such sow’s were oat-fed, 5 of 
which later proved to be pregnant by a service w^hich preceded the 
oat-feeding period. Of the other 13 sows, 11 produced litters, and 
vdth 7 of these sows there is some indication that the feeding of sprout¬ 
ed oats was helpful. Oats w’ere fed for an average of 106 days. The 
other 4 sow’s that produced litters did not conceive till an average 
of 134 days after oat feeding had been discontinued. The two that 
did not produce litters w’ere fed sprouted oats for 202 and 195 days, 
respectively, but to no avail. 

The abnormal or irregular breeding schedule mentioned above of 
the 9 sows consisted in their not having any observed heat periods and, 
of the other 4 sow’s, in having repeated heat periods after having been 
bred once, or in some cases, several times. 

LATER EXPERIMENTS 

The observation tests seemed slightly favorable to feeding sprouted 
oats, so a more definite experiment was planned November 1, 1930, 
which provided for control as well as oat-fed animals and also classes 
for different types of breeding irregularities. 

Glass 1, gilts 10 months or older that seemingly did not come in heat. Such 
gilts were fed sprouted oats from the time they were 10 months old till 50 days 
after the boar service which seemed to have resulted in pregnancy. 

Class 2, sovrs that had not been observed in heat 4 months after farrowing. 
Such sows were fed sprouted oats till 50 days after the last service by the boar. 
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Class 3, sows that had been bred once but came in heat again. Such sows 
were fed sprouted oats beginning at the first heat period following the one when 
the sow was bred, and oat feeding w^as continued till 50 days after the last boar 
service. 

Class 4, sows in the control groups of classes 1, 2, and 3, that had failed to 
breed after a long period. 

The first animal which fitted into one of the three classes was fed 
sprouted oats, the second was not fed oats but was considered as a 
control, the third, sow was oat-fed, etc. Occasionallj, for Tarious 
reasons, some deviation from this plan was necessary. Both the oat- 
fed and the control animals were generally fed at least 1 pound of 
green alfalfa or other green feed per animal daily. 

Oats were germinated in trays and fed when the sprouts were 
from one-half to 2 inches long at the rate of 1 pound (dry basis) per 
sow per day. 

The results in class 3 are shown in table 4. During the period of 
this experiment, November 1, 1930, to the end of 1934, all of the 
gilts had heat periods by the time they were 10 months old, so there 
were no animals that fitted into class 1. Only 1 sow in class 2 was 
fed oats, and she had a heat period and was successfully bred 2 days 
after oat feeding was started. In the control group 3 sows not fed 
oats were successfully bred at the first observed heat period 141, 143, 
and 193 days, respectively, after the previous farroving date. 

Table 4. —Record of mdividual soivs in class 3 


Group 

Sow- 

no. 

Date of last 
previous 
parturition 

Period 
from far¬ 
rowing to 
service 
that re¬ 
sulted in 
preg¬ 
nancy 

Period oats 
were fed 

Boar services 

Litter 

pro¬ 

duced 

Before 

preg¬ 

nancy 

After 

preg¬ 

nancy 

Before 

feed¬ 

ing 

oats 

After 

feed¬ 

ing 

oats 




Days 

Days 

Days 

Number 

Number 



84T 

Aug. 31,1929 


121 

0 

3 

4 

No. 


103T 



20 

50 

3 

1 

Yes. 


105B 

July 7, ioh 

131 

0 

50 

2 

0 

Yes. 


HOT 

Nov. 28,1931 

153 

17 

50 

2 

1 

Yes. 


n3B 



16 

50 

2 

1 

Yes. 


114B 



0 

47 

o 

0 

Yes. 


HIT 

June 9,1932 

147 

0 

50 

2 

0 

Yes. 


114B 

Nov. 27,1932 

158 

32 

50 

2 

1 

Yes. 


121B 



0 

50 

2 

0 

Yes. 


123B 



39 

51 

2 

9 

1 Yes. 


124T 

Sept- 5,1933 

173 

73 

50 

2 

3 

Yes, 


125T 



82 

0 

5 


: No. 


114B 

July 29,1933 

_ 

381 

71 

0 

2 

5 

Yes. 


121B 

May 10,1934 

138 

0 

1 58 

2 1 

0 

Yes. 


) 87T 

Feb. 24,1931 




2 


No. 


103T 

Dec. 1,1931 

1^ 


1 .. 

3 


Yes. 


I 112B 



i.' 

2 


Y^es. 


115B 





2 


No. 


105B 

Oct. 10,1932 




4 


No. 


124T 




2 


Y'es. 

Control 1 _ _ 

106B 

Mar. 30,1933 

195 



6 


Yes. 


118T 

Mar, 14,1933 

156 



4 


Yes. 


109T 

July 13,'1933 

112 i 



3 


Yes. 


23T 




5 


No. 


118T 

Dec. 9,1933 

254 



6 i 


Y'es. 


123B 

w do _ 

136 



2 


Y"es. 


109T 

Mar. ^1934 i 

197 

i 

. 

i 

3 


Yes. 


^ Oats not fed. 


Of the 14 oat-fed sows in class 3,12, or 86 percent, produced litters; 
of the 13 controls, 9, or 69 percent, produced litters. The sows in the 
former group were fed oats an average of 73 days each, and for the 
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12 sows that produced litters, an average of 3.25 services were required 
per conception. In the control group, the 9 sows that produced 
litters required 3.44 services per conception. 

During the period of the experiment, 1 sow appears twice and 1 
sow three times in the oat-fed group. Two sows each appear twice 
in the control group, and four dSerent sows are found in both groups. 
This is possible since a period of about 4 years elapsed during the time 
of the experiment. 

Of the oat-fed group, 6 sows were fed sprouted oats both before 
and after pregnancy; 3 vrere oat-fed only before, and 5 only after 
pregnancy. 

For the sows that had previous litters, the average number of days 
that elapsed between the previous farrowing date and the service that 
finally resulted in pregnancy was 183 and 167 days, respectively, for 
the oat-fed and the control groups. ^ 

T^Tiile the farrowing percentage is a little higher with the oat-fed 
SOW'S, there is little else in these data to indicate that the feeding of 
sprouted oats was particularly helpful in correcting sterility or 
reducing the time required for conception to occur. 

Class 4, which was started in January 1932, included all sows in the 
control groups that had not had an observed heat period or had a 
reoccurrence of a heat period 7 months or later after farrowing. 
These sows w^ere fed sprouted oats till 50 days after the occurrence 
of the last heat period. 

Of 5 sows that had failed to become pregnant wdiile in the control 
groups and hence were put in class 4, 3 produced litters, the average 
period of feeding oats being 51 days. Twm others that were fed oats 
for 74 and 132 days, respectively, failed to conceive and w^ere finally 
sold. 

SUMMARY AND CONCLUSIONS 

It has been suggested that sprouted oats may contain a vitamin or 
other substance which perhaps because it prevents reabsorption of 
the embryo or other beneficial action, causes animals that are tem¬ 
porarily sterile to again become pregnant. 

Early experiments with feeding sprouted oats to such animals gave 
rather favorable results. For lack of controls, however, definite 
conclusions were not possible and an experiment was planned in 
which every other breeding animal exlnbiting a certain abnormal 
breeding behavior was fed sprouted oats and the alternating animals 
were placed in control groups. 

Of 38 cows with an irregiolar breeding behavior, to which sprouted 
oats were fed, 31, or 82 percent, produced calves; of 37 cows with 
the same irregular breeding behavior that were put in the control 
group, 28, or 76 percent, produced calves. 

Although in the case of some cows the feeding of sprouted oats 
seemed definitely helpful, equally good results were secured where 
oats were not fed. In general, tins experiment does not demonstrate 
any definite value of sprouted oats for correcting sterility in cows. 

Of 15 oat-fed sows, 13, or 87 percent, produced litters; of 16 con¬ 
trol animals, 12, or 75 percent, produced litters. In addition, 3 of 5 
sows that w'cre fed sprouted oats after having failed to conceive for a 
long period in the control groups finally produced litters. While 
there is some indication here that feeding sprouted oats was of some 
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value when fed to shy breeders, the evidence is by no means conclu¬ 
sive. 

All cows in the university herd receive ample green feed daily, and 
all sows in the university piggery, including both oat-fed and control 
groups were generally fed at least 1 pound of green alfalfa or other 
green feed per sow per day. If sprouted oats contain some substance 
resultmg in beneficial action to shy breeders, it is possible that the 
same substance may be found in other green feeds. The feeding of 
sprouted oats to shy breeders might show more definite results if 
other green feeds were withheld from the experimental animals. 




STUDY OF THE REMOVAL OF SPRAY RESIDUES FROM 

APPLES' 


By Donald E. H. Frear, instructor in agricultural and biological chemistry, and 

H. N. WoRTHLEY, associate professor of economic entomology, Pennsylvania 

Agricultural Experunent Station ^ 

INTRODUCTION 

The problem of the removal of spray residues from apples is of 
comparatively recent origin in Pennsylvania, where climatic condi¬ 
tions and a relatively light infestation of the codling moth until 1929 
combined to permit the production of clean fruit with few spray 
applications. Since that time, however, the codling moth popula¬ 
tions in the commercial apple-growing centers have increased to 
such an extent that heavier and more frequent applications of arsenic- 
als are now necessary, A schedule calling for five cover sprays in 
1932 caused some crops to show’’ residues of arsenic in excess of the 
tolerance. In 1933 restrictions were placed on lead, regarding the 
removal of which little was known. During the 1933 season, there¬ 
fore, spraying was reduced to a minimum, with the result that 
excessive residues were avoided at the cost of an alarming increase 
in codling moth damage. It became clearly evident that intensive 
spraying wnuld be necessary in 1934, and that the apple crop wnuld 
doubtless require washing to meet residue tolerances. 

While the fundamental facts concerning the removal of spray 
residues from apples are rather well understood, the fact that condi¬ 
tions peculiar to a locality do exist makes generalization impossible. 
In addition, the recent developments in methods for the accurate 
determination of small amounts of lead make possible a more thorough 
understanding of the behavior of this element under washing condi¬ 
tions. 

During the season of 1934 a program of research in methods of 
apple washing was instituted, the results of w%ich are reported in 
this paper. 

The work was planned to give information on the method best 
suited for the removal of spray residues from apples growm under 
Pennsylvania conditions. A number of factors of climate and locality 
are obviously variable in any study of this kind. The extended 
investigations on spray-residue removal conducted at other institu¬ 
tions, therefore, are valuable only insofar as they can be applied to 
local conditions; hence some of these studies repeat, for Pennsylvania, 
work wdiich has been done elsewhere. It will be noted later that 
certain conclusions and recommendations based on investigations in 
other localities do not apply here. 

I Received for publication Mar. 19, 1935; issued August 1935. Technical paper no. 6S2. 

^ The authors express their appreciation to Merrill Wood for technical assistance and to F. N. Fagan and 
A. W. Clyde for the use of the facilities of the Departments of Horticulture and Agricultural Engineering 
in this work. The authors also are indebted to S. W. Frost for the use of laboratory space, and to the fruit 
growers who contributed apples for experimental purpose. 
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EXPERIMENTAL CONDITIONS AND PROCEDURE 

Part of tlie work was done in a laboratory set ^iip in tbe largest 
commercial apple-growing section of Pennsylvania, in tbe south¬ 
central part of the State. The samples, for the most part, were col¬ 
lected with the cooperation of the growers of that section, but some 
were collected from the college orchard from experimentally sprayed 
trees; the work on these samples was conducted in the laboratories at 
State College, Pa. Over 500 samples were experimentally washed. 

The varieties of apples were as follows: York Imperial, Stayman 
Wiiiesap, Grimes Golden, Jonathan, Rome Beauty, Smokehouse, 
Delicious, Ben Da^is, Stark, Hubbardston, and Yellow Newtown. 
The latter five varieties were represented by only a few samples. 

The mean temperature for the south-central section of the State 
was slightly above normal during the season of 1934 except during 
August. The rainfall records taken at Arendtsville indicated a total 
precipitation for the summer months as follows: June, 6.04 inches; 
July, 2.51 inches; August, 5.96 inches; September, 14.09 inches. 
On each of 6 days during September, 1 inch or more of rain fell; 
the rainfall totaled 7.29 inches on 4 consecutive days, September 14 
to 17, reaching nearly cloudburst proportions vdth. 3.48 inches on 
September 17. The figures indicate nearly normal rainfall during 
June and July, when most of the codling-moth spraying was done, 
and a large excess in August and September, most of this coming in 
heavy showers during the latter month. Thus in 1934 spray applica¬ 
tions were subjected to an average amount of weathering cluring the- 
spraying period and to a great excess of rainfall between the time 
of the last application and the date of harvest, especially for the late 
varieties. It is questionable that heavy concentrated downpours 
of rain are as effective in removing spray residues as are more gentle 
rains scattered throughout the growth period of the fruit. Samples 
analyzed both before and after the heavy September rains showed 
surprisingly little reduction in spray residues from this cause. It 
would appear probable, therefore, that the distribution of rainfall 
rather than the total quantity has the greater effect on residue levels 
at the time of harvest. 

Samples were taken by the authors, usually from the lower limbs 
of trees in the orchards. A sufficient number of trees were sampled 
to give a representative lot of apples of as nearly the minimum 
packed size as could be determined at the time of picking. An 
attempt was made to select apples of a fairly uniform size. It is 
well known that the smaller apples from the lower limbs of the trees 
usually carry the greatest amoimt of spray residue. When necessary, 
apples were taken from picking crates, but the same care vras exercised 
in selecting for size and uniformity. Most samples were washed 
within 10 days after picking. 

In the analysis of apple samples for lead, the method of Frear and 
Haley (^) ^ was used, %vhile arsenic was determined by the Gutzeit 
method, as described in the official methods (i, pp, S06S09). Both 
of these methods have been found satisfactory, although the accuracy 
of the lead determination is apparently greater than that of the 
arsenic estimation. The figures for the latter element are the mean of 
at least two determinations. The relative accuracy of the lead and 


3 EefereDce is made by number (italic) to Literature Cited, p. 73. 
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arsenic methods, as well as the accuracy of sampling of apples, \vill 
be discussed elsewhere. 

The apple washers used were of two types: One was a flotation 
type, similar to the washer designed by Jennings,^ but with structural 
modifications. These modifications did not affect the operation of the 
machine, the principle of operation of which was similar to several 
other types of flotation washers (^, 4)- The other washer was a com¬ 
mercial underbrush type of the latest model, in which the washing 
solution is violently agitated and thrown over the apples as they 
advance over roller brushes. This machine was fitted with a roller 
drier, while the flotation machine was not equipped with a drying 
apparatus. 

EFFECT OF VARIOUS FACTORS ON EFFICIENCY OF RESIDUE 

REMOVAL 

The experimental work was divided into a study of the effects of the 
following factors on the efficiency of apple washing: Type of washer, 
type of washing solution, wetting agents, the use of heated solutions, 
spraying materials used, time of application, and variety of fruit. 

EFFECT OF TYPE OF WASHER 

In this study only two types of washer were available for most 
of the comparisons, the flotation and the underbrush type. 

Table 1 gives the data secured by washing two varieties of apples 
sprayed with three different spray mixtures in flotation and brush 
machines. While individual samples showed considerable variation, 
a statistical analysis of the figures presented showed the underbrush 
washer to be significantly more ej05cient than the flotation washer in 
removing lead; the underbrush machine also was more efficient in the 
removal of arsenic, but the difference was not so pronounced. 

The six samples identified in this and subsequent tables as 1, 2, 
and 3, are of both the York Imperial and Stayman Winesap varieties. 
They w^ere secured in the college orchard and were treated as follows: 
Sample 1 received 6 cover sprays of 3 pounds of lead arsenate plus 8 
quarts of lime-sulphur solution in each 100 gallons; sample 2 received 
6 cover sprays of the same material, to which was added 2 pounds of 
skim-milk powder per 100 gallons; sample 3 received 6 cover sprays 
each containing 3 pounds of lead arsenate, 5 pounds of flotation 
sulphur and 1 quart of fish oil (cold-pressed menhaden, with less than 
2 percent free fatty acids) in each 100 gallons of spray. 

The underbrush washer was also more effective than the flotation 
washer when the hydrochloric acid solution was used with a wetting 
agent, as shown in table 2. In these studies the period of exposure 
to the acid was 1 minute in the flotation washer, and 40 seconds in 
the underbrush machine. 

EFFECT OF DIFFERENT WASHING SOLUTIONS 

Several washing solutions were tested for their efficiency in remov¬ 
ing arsenic and lead residues from apples. 

^ Jennings, B . A. the Cornell apple washer. Cornell Mimeograph Bull. 279,14 pp. 1934. 
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Table 1. —Comparative efficienci/ of lead and arsenic spray residue removal from 
York Imperial and Stay man Winesap apples by means of flotation and under¬ 
brush washerSf various percentages of hydrochloric acid being used 

YORK IMPERIAL, LEAD 


Percent- 


Grain of lead or arsenic per pound of fruit in— 

age of 
hydro¬ 
chloric 

Tempera¬ 
ture 
r F.) 

Sample 1 

Sample 2 

Sample 3 

acid in 
wash 

Flotation- 

washed 

■ 

Brush- 

washed 

Flotation- 

washed 

Brush- 

washed 

Flotation- 

washed 

Brush- 

washed 

Before 

washing 


0.044 

0.044 

0.054 

0.054 

0.060 

0.060 

r 

60 

.016 

.014 

.016 

.018 

.025 

.020 

2 

60 

.020 

.016 

.012 

.009 

.020 

.021 

1 

100 

.019 

.009 

.015 

.010 

.016 

.013 

2 

100 

.013 

.016 

.012 

.009 

.021 

.021 

Average!--_ 

1 .017 

1 .014 

1 

.014 

.012 

.021 

.019 


STAYMAN WINESAP, LEAD 


Before 

washing 


0.049 

0.049 

0.075 

0.075 

0.082 

0.082 

1 

60 

.016 

.015 

.018 

.012 

.022 

.018 

2 

60 

.016 

.Oil 

.010 

.018 

.020 

.018 

1 * 

1 100 

I .021 

.008 

.020 

.014 

.013 

.012 

2 

1 100 

.012 

.013 

.014 

.016 

.016 

.014 

Average 


j . 016 

.012 

.016 

.015 

.018 

.016 


YORK IMPERIAL, ARSENIC TRIOXIDE 


Before 

washing 


0.015 

0.015 

0.022 

0.022 

0.020 

0.020 

1 

60 

.004 

.oa3 

.006 

.006 

.010 

.006 

2 

60 

.006 

.003 

.004 

.003 

.006 

.005 

1 

100 

! .004 

! ,003 i 

I .006 

! .003 

.004 

.005 

2 

100 

.003 ' 

1 .003 ; 

1 .003 

1 .002 

.005 

.004 

Average 


.004 

.003 

j .005 

1 

.004 

.006 

.005 


STAYAIAN WINESAP, ARSENIC TRIOXIDE 


1 Before 

1 washing 


0.015 

0.015 

0.022 

0.022 

0.017 

0. 017 

’ 1 

60 

.003 

.005 

.004 

.004 

.007 

.007 

1 2 

60 

.004 

.002 

,003 

.003 

.005 

.005 

! 1 

100 

.003 

.004 

.004 

.006 

.005 

.005 

i 2 

i 

100 

.002 

.001 

.003 

.004 

.005 

.004 

! Average 

i 

.003 

1 .003 

! 

.004 

j .004 

.006 

.005 


Sodium Silicate 

Since sodium silicate has been used with considerable success in the 
apple-growing sections of the Pacific coast, an attempt was made to 
determine its practicability under local conditions. It was found that 
a cold solution of sodium silicate, did not remove any appreciable 
amount of residue when used at a concentration of 80 pounds per 100 
gallons, and even when heated to 100° F. was not so effective as hy¬ 
drochloric acid. It may be mentioned at this point that few Pennsyl¬ 
vania growers have found it necessary to use oil sprays to any extent, 
and the beneficial effect of an alkaline wash is observed most readily 
when heavy oil applications have been made to the fruit. 
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Table 2. —Effect of wetting agents on the efficiency of lead and arsenic spray-' 
residue removal from York Imperial and Stay man Winesap apples hy means of 
flotation and brush washers, a 2-percent hydrochloric acid wash solution being used 

FLOTATION WASHER, 1 MINUTE 


Grains per pound of fruit of— 


Sample 

Lead 

Arsenic trioxide 

Original 

load 

After 2 
percent 
HCl 
washing 

After 2 
percent 
HCl 
w^hing 
+ 

whetting 
agent B ^ 

Original 

load 

After 2 
percent 
HCl 
W’ashing 

After 2 
percent 
HCl 
washing 
-f- 

wetting 
agent Bi 

York Imperial 1___ 

0.044 

0.020 


0.015 

0.006 

0.002 

S tayman Winesap 1... 

.049 

.016 

6.009 

.015 

' .004 

.001 

York Imperial 2__ 

.054 i 

.012 

.011 

.022 ; 

.004 

.00! 

St.ayman Winesap 2.. 

.075 

.010 i 

.016 i 

.022 ' 

.003 

.003 

York Imperial 3.-. 

.060 

1 .020 

.015 ‘ 

i .020 

1 .006 

.004 

Stayman Winesap 3. 

.082 

1 .020 

.016 i 

1 .017 

1 

.005 

.004 


UNDERBRUSH WASHER. 40 SECONDS 


York Imperial 1. 

0.044 i 

0.009 

0.007 

0.015 

1 

0.003 1 

0. 001 

Stayman Winesap 1.. 

.049 ! 

.011 

.013 

.015 

.002 1 

.002 

York Imperial 2... 

.054 i 

.010 

.009 

. 022 

.003 

.003 

stayman W'inesap 2.. 

.075 1 

.018 ! 

.018 

.022 

.003 

.003 

York Imperial 3.-. 

.060 j 

.016 i 

1 .008 

.020 

.005 1 

. 002 

Stayman Winesap 3... 

.082 1 

1 1 

.018 

.012 

.017 

.005 ; 

.003 


1 A commercial defoaming agent was added to the solutions containing the wetting agents in both types 
of washers. As given in this and subsequent tables, wetting agent A was Areskap, 1 gallon per 100 gallons, 
and wetting agent B was Vatsol, 8 pounds per 100 gallons, plus 2 quarts of Degras (Antifoam no. 16). 

Sodium Carbonate and Soap 

A commercial preparation composed of sodium carbonate and a 
coconut-oil soap was tried in various concentrations, but was not 
considered effective enough to warrant extended investigation. 


Hydrochloric Acid 

Since dilute solutions of hydrochloric acid are the most widely used 
washing liquids, a large number of washings were made with this 
material. It was found that among the solutions tested it was the 
most effective in reducing the amount of the residues. The concen¬ 
tration necessary to use on various varieties showing different levels 
of residue was studied in some detail. 

A large number of lots of apples of different varieties under various 
spray treatments were run through the flotation washer at room tem¬ 
perature, and the quantity of lead and arsenic removed by using 
hydrochloric acid at three concentrations w^as determined. The time 
of immersion in the washer was 1 minute; and the concentrations are 
given in percentage by weight of hydrochloric acid.^ Table 3 shows 
the relative effectiveness of the three concentrations in removing lead 
and arsenic. The results are expressed in percentage of residue (lead 
or arsenic trioxide) remaining on the fruit. 

Maximum removal was effected by the highest concentration, and 
only at this concentration was the removal of arsenic proportionately 
as great as that of lead. This important consideration has apparently 

5889—35-5 
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not boon niontioned in previous studies. Based on an average of all 
samples from various sources, the greatest efficiency of removal of 
both lead and arsenic was apparently at an acid concentration of ap¬ 
proximately 2 percent by weight, when the period of immersion was 
1 minute, in a flotation washer. These generalized relationships may 
be changed by various factors, as will be shown later. 

Table 3. —'Percentage of original arsenic and lead spray residue remaining on 
^.pples ^ after l-mi'nute exposure in flotation washer^ various percentages of hydro¬ 
chloric acid being used 


Hydrochloric acid strength 

1 

j 

Number 

of 

samples 

Original residue re¬ 
maining on fruit 
after washing 

Lead 

Arsenic 

trioxide 



Percent 

Percent 

0.5 ____ 

10 

44." 5 

61.5 

1.0 .-. 

74 

ssn 

37.9 

2.0 . 

17 

29.5 

26.8 






2 See p. 62 for varieties represented in this table. 

Hydrochloric Acid and Salt 

The addition of salt to solutions of hydrochloric acid has been ad- 
v^ocated by several workers {2^ 7). Overley et al. (6), however, indicate 
questionable results at temperatures less than 110® F. An investi¬ 
gation of the possible usefulness of salt was undertaken. The figures 
in table 4 indicate that when small quantities of salt (1 percent) are 
added to dilute acid in a flotation washer the efficiency of the acid is 
not appreciably increased. IMien larger quantities of salt are added 
there is a decided decrease in the amount of lead removed, while the 
amount of arsenic removed is very slightly increased. 


Table 4. —Effect of added sodium chloride on the efficiency of lead and arsenic spray- 
residue removal from apples with hydrochloric acid wash solution 


Composition of wash solution 

Number 

of 

samples 

Average lead resi¬ 
due remaining on 
fruit after wash¬ 
ing with— 

Average arsenic tri¬ 
oxide residue re¬ 
maining on fruit 
after washing 
with— 


Acid 

alone 

Acid 

H-NaCl 

Acid 

alone 

Acid 

+Na01 

1 percent HCl containing S pounds NaCl x)er 100 
gallons.. 

2 

Percent 

26 

Percent 

26 

Percent 

50 

Percent 

45 

1 percent HCl containing 50 pounds NaCl per 100 
gallons.----,__ 

3 

28 

35 

25 

21 

1 percent HCl containing i(K) pounds NaCl per 100 
gallons-... 

3 

28 

35 

25 

21 

2 percent HCl containing 100 pounds NaCl per 100 
gallons.-... 

3 

23 

27 

28 

26 


Mixed Acids 

A mixture of 1 percent of hydrochloric acid and 0.5 percent of nitric 
acid was tried as a residue-removing solution. No apparent benefit 
was secured by the addition of nitric acid. 
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EFFECT OF WETTING AGENTS 

The work of McLean and Weber in 1931 (5) indicated that the use 
of a wetting or foaming agent increased the effectiveness of washing 
in the removal of spray residues. Several commercial products have 
appeared on the market, and a test of their efficiency imder Pennsyl¬ 
vania conditions was considered desirable. In using these various 
products, the recommendations of the manufacturer regarding the 
quantity to be used were followed, when such recommendations were 
given; otherwise a 1-percent solution by w^eight of the w'etting agent 
was used. Table 5 gives typical results obtained. The data given 
in this table indicate that at least for the conditions of this test, these 
two w-etting agents (the commercial preparations available to the 
apple industry) showed no consistent benefit. 

Table 5. —Effect of 2 commercial wetting agents on the efficiency of lead and arsenic 
spray-residue removal from several varieties of apples, 1- and ^-percent hydro¬ 
chloric acid wash solutions being used 


1 PERCENT HCl AND WETTING AGENT A’‘ 



Grains per pound of fruit of— 

Variety of apples 


Lead 


Arsenic trioxide 

Original 

load 

After 

HCl 

washing 

After HCl 
washing + 
wetting 
agent 

Original 

load 

After 

HCl 

washing 

After HCl 
washing + 
wetting 
agent 

Jonathan. 

0.140 : 

0.033 

0.034 : 

0.024 

0.013 

0.012 

Grimes Golden... 

.080 1 

.026 

,018 i 

.023 

.013 

.011 

Smokehouse. 

.070 

.020 1 

.018 

.017 

.008 

.009 

Hubbardston... 

,048 

.028 

.024 i 

.018 

.012 

! 

.009 



1 PERCENT HCl AND WETTING AGENT B 


Jonathan..... 

0.140 

0.038 

2 0.029 

0.024 

0.013 

10.017 

Do.-. 

.098 

.033 

.036 

.025 

.013 

.013 

Grimes Golden_ 

.083 

.026 

.030 

.030 

.011 

.015 

Smokehouse..... 

.064 

.014 

.015 

i .028 1 

.011 

.006 

Hubbardston. .. 

.084 

.042 

.043 

.038 

.021 j 

.026 



2 PERCENT HCl AND WETTING AGENT A 


Jonathan.. 

0.140 

0.026 

0.032 

0.024 

0.006 

0.01S 

Do... 

.088 

.023 

. 022 

.043 

.008 

.009 

Grimes Golden... 

.084 

.020 

.025 

.038 

.007 

.011 

Do-...... 

I .073 

.020 

.017 

.025 

.007 

.011 

York Imperial. 

I .122 i 

.030 

.022 i 

,048 ! 

,009 i 

.013 

Stayman Winesap.. 

! .038 j 

.008 

.m 

.013 

.003 

.004 


2 PERCENT HCl AND WETTING AGENT B 


Jonathan.. 

0.088 

0.023 

0,024 

0.043 

0.0C^ 

0.011 

Grimes Golden—.. 

.084 

.024 

.024 

.032 

.011 

.010 

Do.-...— 

.073 

.020 

.024 

.025 

.007 

.018 

York Imperial-.. 

.124 1 

.037 

1 .031 

.038 

.m \ 

.020 

S tayman Winesap... 

.038 i 

.008 

! .009 1 

.013 1 

.003 1 

.006 


1 Wetting agent used with 1 percent NaCl according to manufacturer's recommendations. 

2 Double manufacturer’s recommendations. 


A further study of the effectiveness of wetting agents was conducted 
on apple samples dipped in a smaller amount of w^ashing solution, 
closely simulating in every way the treatment secured in a flotation 
washer. These results are shown in table 6. The apples used in this 
experiment received six cover sprays each containing 3 pounds of lead 
arsenate, 5 pounds of flotation sulphur, and 1 quart of fish oil in each 
100 gallons of spray. There was no significant increase in removal of 
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the residue when the wetting agents were used in addition to the acid 
at room temperature, and a slight but consistent apparent increase in 
the percentage removal when wetting agent A was used with acid 
solution at lOO'^ F. 


Table 6 . —Effect of commercial loetting agents on the efficiency of lead and arsenic 
spray-residue removal from York Ijnperial and Stay man Winesap apples, when 
hand-dipped in 1 percent hydrochloric acid wash solution at different temperatures 



Grain of residue per pound of fruit for— 

V ashing treatment ^ 

York Imperial 

Stayman winesap 


Lead 

Arsenic 

trioxide 

Lead 

Arsenic 

trioxide 

Original load..... 

0.095 

0.038 

0.076 

0.025 

1 percent HCl, 1 minute at 60° F..... 

.024 

.010 

.014 

.005 

Plus wetting agent A...- 

.018 

.007 

.015 

.006 

Plus wetting agent B..... 

.024 

.012 

.012 

.005 

1 percent HCl, 2 minutes at 60° F__ 

.015 

.009 

.012 

.004 

Plus wetting agent A... 

.013 

.004 

.009 

.003 

Plus wetting agent B.-. 

.011 

.005 

.Oil 

.004 

Plus wetting agent C... 

.020 

.011 

.012 

.006 

Plus wetting agent I).. 

.016 

.007 

.024 

.010 

Pius wetting agent E._..... 

.015 

,008 

.020 

.007 

Plus wetting agent F. 


.004 

.014 

.004 

1 percent HCl, 1 minute, at 100° F... 

.010 

.005 

.008 

.003 

Plus wetting agent A. 

.006 

.001 

.005 

.001 

Plus wetting agent B.. 

.008 1 

.003 

.010 

.007 

Plus wetting agent C.....i 

.016 ! 

.006 

.012 

.006 


1 Wetting agents C, D, E, and F were e.xperimental products of the Rubber Service Laboratories Co. 


As a means of determining the possible effect of the type of washer 
on the efficiency of the wetting agent, samples of apples were washed 
both in the flotation washer and in the underbrush washer, a 2-percent 
hydrochloric acid solution and vretting agent B being used. These 
results have already been presented in table 2. It is apparent that 
there was no very decided advantage in the use of wetting agents in 
either washer, although the apples sprayed with fish oil (treatment 
3) sho'wed a slightly greater removal of lead when the wetting agent 
was used than wffien the acid alone was used. From all three spray 
residues the removal of arsenic was apparently slightly aided in some 
cases by the presence of the wetting agent. 

On the whole, under the conditions of these tests, the use of wetting 
agents did not assure an increase in the amount of spray residues 
removed. However, some of the data showed that additional arsenic 
was removed when wetting agents were employed, thus indicating 
that in certain cases their use may be justified. The exact conditions 
under which whetting agents may be expected to yield benefits, 
however, were not revealed in this study. 

EFFECT OP RAISING THE TEMPERATURE OP WASHING SOLUTION 

The use of heated solutions in the washing of apples has been rec¬ 
ommended by several investigators. Particularly when the residue 
present on the fruit is extremely large, the use of a warm washing 
solution theoretically should be one of the most economically effec¬ 
tive methods of removal. Studies were made comparing the efficiency 
of hydrochloric acid wash at approximately 60° and 100° F, The 
complete data have been given in table 1. The percentages remain- 
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ing, given in table 7, indicate the average amount of residue remaining 
on the three samples of each variety studied. 

Table 7. — Co^nparative efficiency of lead and arsenic spray-residue removal from 
York Imperial and St ay man Winesap apples hy 1- and 2-percent hydrochloric acid 
wash solutions, used in flotation and underbrush washers at 60° and 100° F. 


Average residue remaining on fruit after washing with— 


Type of washer and variety 
of apple 

1 percent HCl 
at eo'* F. 

1 p>ereent HCl 
at 100° F. 

2 percent HCl 
at 60° F. 

2 percent HCl 
at 100° F. 


I.ead 

Arsenic 

trioxide 

Lead 

Arsenic 

trioxide 

Lead 

Arsenic 

trioxide 

Lead 

Arsenic 

trioxide 

Flotation: 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

York Imperial.. 

3f> 

35 

33 

25 

33 

23 

29 

20 

Stayman Winesap.. 

Underbrush: ! 

28 

25 

22 

23 

23 

20 

21 

19 

York Imperial...1 

33 

26 

20 

IS ! 

oq ^ 

23 1 

20 

29 1 

16 

stayman Winesap.. 1 

23 ! 

i 

31 

i 

17 

28 ! 

19 

22 i 

16 


These figures show that under the conditions of tliis experiment the 
acid solutions when heated to 100° F. were definitely more effective 
in removing both arsenic and lead than were the corresponding acid 
solutions at 60°. The effectiveness of the 1-percent hydi‘ochloric acid 
solution at 100° was equal to that of the 2-percent hydrochloric acid 
solution at 60°. The difference in ease of removal from York Impe¬ 
rial and Stayman Winesap, which will be discussed later, is brought 
out in this table. 

The data on the washings in the brush machine shown in table 7 
are not as consistent as might be desired. This is in part explained 
by the fact that with the facilities available it was not possible to 
maintain a constant temperature in the underbrush washer because 
of the violent agitation and the consequent rapid loss of heat. In the 
flotation washer the temperature was constant. 

EFFECT OF SPRAY MATERIALS APPLIED 

The ease of removal of any .given spray deposit from the surface of 
an apple is undoubtedly affected greatly by the factors which determine 
the nature of tliis deposit. These may be complicated by a great 
number of variable conditions, viz., temperature, humidity, wind 
velocity—inasmuch as it affects speed of drying—rainfall, the chemi¬ 
cal composition of the spray mixture applied, and the nature of the 
apple surface. 

It was impossible, in this study, to determine the effects of all these 
factors, but some attention was given to the effect that the gross com¬ 
position of the spray mixture may have upon the ease of removal. 
The data in tables 1 and 2 show the relative ease of removal of three 
basic spray mixtures on two varieties of apples. 

The figures in table 1 have been summarized in table 8 for the three 
spray treatments. The percentages in the table are true averages of 
the four washing treatments given to fruit of each variety receiving 
the three different spray mixtures. 
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T \BLE S.— 'Effect of the gross composition of the original spray used on the efficiency 
of arsenic hud lead spray-residue removal from York hnperial and Stayman 
Winesap apples with hydrochloric acid wash solution used in flotation and under- 

hriish tvashers 


Original residue remaining on fruit after washing 


Variety and sample no. 

Lead 

Arsenic trioxide 


Flotation 

machine 

Under¬ 

brush 

machine 

Average 

Flotation 

machine 

Under¬ 

brush 

machine 

Average 

York Imperial, 1.-.-.- 

York Imperial, 2. . . . 

York Imperial, . -. — 

St a vman V inesap, i . .. 

Stayman Vinesap 2-.-.-.. 

Stayman V inesap, «■>--.-. . 

Percent 

39 

26 

37 

33 

21 

22 

Percent 

31 

21 

31 

24 

20 

19 

Percent 

35 

24 

33 

29 

20 

20 

Percent 

29 

22 

31 
20 
16 

32 

Percent 

20 

16 

25 

20 

19 

31 

Percent 

24 

19 
28 

20 
18 
31 


These data indicate that lead and arsenic behave differently under 
washing treatment. Both York Imperial and Stayman Winesap fruit 
sprayed vnth lead arsenate and lime-sulphur without sticker retained 
the least lead residue at harvest, while the inclusion of fish oil—with 
flotation sulphur rather than lime-sulphur—built up the greatest 
deposits (table 1). 

Table 8 shows that the lead residue from treatment 2 which con¬ 
tained skim-niilk powder, offered the least diflSculty in cleaning. In 
treatment 1 (no sticker) and treatment 3 (fish oil) more of the lead 
was retained after washing. In treatment 3 lead was more completely 
removed than in treatment 1 on Stayman Winesap, but not on York 
Imperial. 

Table 9. —Effect of gross composiiion and method of application of the original 
spray used on the ease of lead and arsenic spray-residue removal from Grimes 
Golden applet unth 1-percent hydrochloric acid wash solution used in flotation 
washers 


^ , . Number of 

Average 

residue remaining on 
fruit after washing 

washed 

Lead 

Arsenic 

trioxide 


Percent 

Percent 

Lead arsenate, 3 pounds, lime-sulphur, 2 gallons L__.. 2 

30 

23 

Lead arsenate, 3 pounds hydrated lime, 0.5 pounds, lime-sulphur. 

39 

41 

Lead arsenate, 3 pounds; flotation sulphur, 5 pounds; fish oil, 1 ^ 

37 

0 

LM^arsenate, 3 poun^; skim-milk powder, 2 pounds; lethane 410, 

8 5 fluid ounces;Hlme-sulphur, 2 gallons... 4 

37 

41 

Lead arsenate, 3 pounds; skim-milk powder, 2 pounds; Black Leaf 

40 I pint;3 lime-sulphur, 2 gallons; hydrated lime, 0.5 pounds ^_ 6 

32 

38 

Lead arsenate, 3 pounds; lime-sulphur, 2 gallons; pine-tax soap, 1 pint 1 

38 

33 


1 All quantities gives are per 100 gallons of spray. 3 2 sprays only, at oviposition peaks. 

2 Containing casein. * In last cover spray only. 


With respect to residues of arsenic, table 1 shows that treatment 1 
built up the least, and treatment 2, containing skim-milk powder, the 
greatest deposits at harvest. As in the case of lead removal (table 
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8), treatment 2 cleaned most readily. Treatment 3, howeverj appar¬ 
ently formed an arsenic deposit considerably more difficult to remove 
than treatment 1, this being more pronounced on Stay man Winesap 
than on York Imperial. 

Further study was made on Grimes Golden apples which had 
received six difi'erent spray treatments. These samples were washed 
in the flotation washer with 1-percent hydrochloric acid solution. 
The results are shown in table 9. Among the spray mixtures con¬ 
taining added stickers or spreaders there were apparently no signifi¬ 
cant differences in the ease of removal; all showed higher percentages 
of lead and arsenic not removed by the washing treatment than was 
the case with the mixture of lime-sulphur and lead arsenate. 

It should be mentioned again that the amount of the original load 
on the fruit imdoubtedly affects the efficiency of removal; higher loads 
being removed to a proportionately greater extent than lower loads. 
In the case of the data in table 9, this circumstance makes the state¬ 
ment in the last paragraph more significantj since in all cases the load 
on the fruit sprayed with lead arsenate and lime-sulphur mixture was 
lower than when modifiers were added. 

Tables 8 and 9 suggest that the different added materials had a 
preferential effect in the ease of removal of arsenic and lead from the 
three apple varieties represented. For instance, more arsenic than 
lead was removed from fruit of all three varieites sprayed with the 
niLxtm-e containing no added sticker. This was also true for the 
mixture containing fish oil on Grimes Golden and York Imperial, but 
not on Stayman Winesap. Lead and arsenic were removed with almost 
equal facility from the mixture containing skim-milk powder on 
York Imperial and Stayman Winesap, whereas on Grimes Golden 
the arsenic was retaiaed to a slightly greater extent. 

EFFECT OP SPRAYING SCHEDULE 

The number of applications and date of the last application in rela¬ 
tion to date of harvest have a direct bearing on residue levels and con¬ 
sequently on the washing treatment necessary to biing these residues 
below the tolerance. It was impossible to give separate attention to 
this phase of the problem. However, it vill be noted that the original 
loads reported in tables 5 and 6 were in many cases very high and 
were not in aU cases reduced below tolerance by the washing treat¬ 
ments applied. The fruit sampled came from various orchards 
heavily infested with codling moth. The Smokehouse and Grimes 
Golden received 6 cover sprays ending in mid-July, wliile most of the 
other varieties were sprayed 7 to 9 times between the petal-fall appli¬ 
cation and mid-August. The York Imperial and Stayman Winesap in 
tables 1 and 2 received 6 apphcations ending in mid-July. Here arsenic 
removal was satisfactory with cold l-percent hydrocliloric acid, even 
where fish oil was used in the spray mixture. Lead removal, except 
where fish ofi. was used, appeared to be equally satisfactory in most 
cases, though 1 sample of York Imperial failed to react to 2-percent 
hydrochloric acid at 60^ F. and 2 samples of Sta^mian Winesap to 
1-percent hydrochloric acid at 100°. 
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EFFECT OF VARIETY OF APPLES 

In the reported work on the effect of varietal differences on the 
efficienc}" of spray-residue removal, the information is neither definite 
nor complete. Overley, St. John, Overholser, and Groves (6) state 
that the Winesaps cleaned more readily than did Esopus Spitzenburg, 
Delicious, and l ellow Newtown. Since the Stayman Winesap apples 
retained more spray residue at harvest than some other varieties when 
subjected to the same spray treatment, it was considered likely that 
this variety might offer more difficulty in cleaning. This proved not 
to be the case, as shown by the results given in table 10. 


Table 10. —Effect of variety of apples on the ease of lead and arsenic spray-residue 
removal from the fruit with 1- and ^-percent hydrochloric acid wash solutions 


Percentage of acid and 
variety of apple 

Num¬ 
ber of 
sam¬ 
ples 

1 

Average of orig¬ 
inal remaining 
on fruit after 
washing 

Percentage of acid and 
variety of apple 

Num¬ 
ber of 
sam¬ 
ples 

Average of orig¬ 
inal residue re¬ 
maining on fruit 
after washing 

Lead 

. 

Arsenic 1 
trioxide 1 

Lead 

Arsenic 

trioxide 

1-p e r e e n t hydrochloric 




2-perceiit hydrochloric 


Percent 

Percent 

acid: 


Percent 

Percent 

acid: 




Grimes Golden.- 

i 20 

34 

32 

Grimes Golden_ 

6 

30 

19 

"York Imperial_ 

j 19 

36 

40 

York Imperial. 

5 

34 

35 

Stayman Winesap... 

j 17 

27 

38 

j Jonathan. 

4 

28 

27 

Jonathan... 

6 

30 

39 

Delicious__ 

1 

23 

36 

Rome Beauty.. 

J 4 

32 

42 

Stayman Winesap... 

1 

21 

23 

Smokehouse. 

: 3 

28 

32 





Ben Davis ... 

1 i 

30 

32 





Delicious.. 

1 1 

38 

57 





Yellow Newtown_ 

! 1 

63 

70 





Stark. 

! 1 i 

42 ! 

33 





Hubbardston. 


50 

! 55 

i 

i 





The factor of differential spray treatments is not considered in 
table 10, although it probably has considerable bearing on the removal 
of the residues by washing. In general, however, the type of appli¬ 
cation in these samples has been the same, lead arsenate 3 pounds to 
100 gallons plus skim-milk spreader. The number of applications 
varied, however, from 3 to 8. No particular significance may be 
attached to those figures representing a single sample, but they are 
included in this table to indicate possible relationships wliich may 
exist between variety and ease of removal. 

Table 10 shows that among those varieties of wliich suJEcient 
numbers 'were examined to make interpretation possible, Smokehouse 
and Stayman Winesap cleaned most readily; Grimes Golden, Kome 
Beauty, and Jonathan came next while York Imperial offered con¬ 
siderably more difficulty. 

Among the varieties represented by a single sample, Ben Davis 
appeared to be easy to clean, Stark offered moderate difficulty, and 
Yellow Newtown and Hubbardston were the two hardest to clean. 
Hubbardston in particular seemed to be, from other experiments, the 
most difficult to clean of all varieties tested. 

SUMMARY AND CONCLUSIONS 

This study attempted to determine the effects of various factors on 
the reproval of arsenic and lead from apples under Pennsylvania 
conditions. 
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The removal of arsenic and lead were proportional to the concentra¬ 
tion of hydrocldoric acid, but a higher concentration of acid removed 
proportionately greater amounts of arsenic than lead. The concentra¬ 
tion removing both of these elements in proportional quantities was 
approximately 2 percent by weight. 

Wetting agents were of little value in increasing the efficiency of 
hydrochloric acid solutions in a flotation washer at room temperature, 
but a slight increase in the removal of arsenic resulted from their use 
in an underbrush machine. Tliis increased efficiency was too small 
to be of any great importance, except possibly where fish oil was used 
in the spray mixture. 

The variety of the apples washed was an important factor in the 
ease of residue removal by acid solutions. Listed in the order of in¬ 
creasing difficulty in residue removal, the varieties studied may be 
arranged tentatively as follows; Smokehouse, Staymaii Winesap, Ben 
Davis, Grimes Golden, Rome Beaut^q Jonathan, Stark, York Imperial, 
Delicious, wliile the few data avialable indicate that Yellow Newtown 
and Hubbardston are two varieties most difficult to clean. 

The underbrush washer was slightly more effective in removing 
both arsenic and lead residues than the flotation washer, even though 
the time required for cleaning was less in the former. 

Raising the temperature of the acid bath from 60° to 100° F. in¬ 
creased the efficiency, a 1-percent hydrochloric acid solution at 100° 
being approximately as effective as a 2-percent hydrocliloric acid 
solution at 60°. The addition of salt, as recommended by several 
workers, did not increase the efficiency of acid solutions. Mixed hy¬ 
drochloric acid and nitric acid solutions, sodium carbonate, and soap 
and sodium silicate were not so effective in lowering the residue on 
the fruit as dilute hydrochloric acid solutions. 

Apparently the type of spray mixture apphed had an effect on the 
ease of removal of arsenic and lead; this effect was not the same for 
both elements and was complicated by varietal differences. Fruit 
sprayed with mixtures containing a skim-milk spreader cleaned slightly 
more readily than did those sprayed with other combinations. The 
addition of fish oil to the spray mixture caused a deposit of residue 
more difficult to remove, but not so difficult as has been suggested in 
the literature. 
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THE EFFECT OF NUTRITIVE STATE ON THE QUANTITY 
OF VITAMIN A PRESENT IN THE LEAVES OF COLEUS 
BLUMEI1 


By E. S* Haber, assistant professor of horticulture and research assistant in vege¬ 
table crops j and Pearl P. Swanson, associate professor and research associate 
in foods and nutrition, Iowa Agricultural Experunent Station 

INTRODUCTION 

Green leaves are knovni to be relatively rich in vitamin A and in 
its precursor, carotene. The factors involved in the synthesis of the 
vitamin have been studied from several angles. However, the 
wTiters have seen no data which show to wdiat degree, if any, the 
nutritional state of the plant is reflected in the vitamin content of 
the leaf. The present investigation is concerned with this question. 

The problem involves the production of distinct variations in the 
nutrition of the plant such as are manifested by diflerences in activity 
of growth, luxuriance of fohage, and depth of pigmentation. In 
order to obtain the necessary leaves for assay, two distinct methods 
of growing the experimental plants suggested themselves. Healthy 
and stunted plants can, of course, be grown very easily by planting 
cuttings in rich compost soil and in sand, respectively. The possi- 
bihty of inducing two distinct planes of nutrition simultaneously in a 
single plant by subjecting its parts after division to different nutri¬ 
tive media was considered. With this method of control, the relative 
quantity of vitamin A in leaves obtained from branches of the same 
stock, the same age, but of diflereht development could be deter¬ 
mined. Such an experimental procedure, however, called for the 
assurance that no cross transfer of food nutrients occurs from one 
side of the plant to the other. Certain experiments described by 
Auchter {1)^ point to the possibility of producing differentiated 
growth in a single plant. His data show that the’foods manufac¬ 
tured on one side of a plant are used and stored in that portion of 
the plant or are translocated to the roots directly beneath, hlagness 
(5) similarly postulates no cross transfer of food nutrients in woody 
plants hke the apple, for he found that trees which were half defoli¬ 
ated formed very few fruit buds on the defoliated sides, whereas 
there was a normal development of fruit buds on the undefoliated 
parts. 

On the basis of these reports, it seemed that the vitamin assay of 
leaves taken from laterals of a plant divided into two parts and so 
planted that each side received its nutrients from different media 
offered a unique means for enlarging the study of the problem of the 
relation of the nutritional state to the quantity of vitamin A synthe¬ 
sized in certain organs of the plant. The present investigation was 
therefore undertaken to demonstrate the relation of the nutritional 
state to the concentration of vitamin A in the leaves. The leaves 

1 Received for publication Mar. 18, 1935; issued August 1935. Journal paper no. 169 of tbe Iowa 
Agricultural Experiment Station; project no. 299. 

2 Reference is made by number (italic) to Literature Cited, p. 81. 
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were taken from undivided cuttings grown in soil, from those grown 
in sand, and from the two laterals of a plant whose stem and root 
system had been split so as to allow the planting of each side in 
soil and in sand, respectively. 

EXPERIMENTAL PROCEDURE 

PREPARATION OF PLANT MATERIAL 

Many of our food plants have only one groMng point, or the later¬ 
als arise from the axils of leaves alternately or in whorls, a system of 
development that makes impossible the objective of securing two 
branches of the same age. For the present study, therefore, a plant 
having an opposite leaf system with laterals developing simultane¬ 
ously from the axil of opposite leaves was desired, whose growth 
could be effectively confined to two opposite laterals arising from the 
same node by the pinching back of all axillary branches that might 
appear. No food plant on hand met the necessary requirements. 
Coleus blumeij variety Golden Bedder, on account of its structure 
and habit of growth, was therefore chosen. 

Three series of plants were prepared for the production of leaves 
for the assay. The plants composing each series were propagated by 
rooting stem cuttings in sand. After a sufficient root system had 
formed, each was potted in a small pot containing rich compost soil. 
After the plants were well rooted and growing, the main stem was 
pinched back to a strong node in order to secure branching at that 
point. Wlien the root system was well developed, but before the 
plants became pot-bound, they were removed from the containers. 
All soil and organic matter were washed from the roots with a gentle 
stream of water. The plants composing series A were planted in 
clay pots 4 inches in diameter which contained rich compost soil; 
those in series B were grown in river-washed sand, known to be quite 
free from inorganic matter, while those in series C were plants which 
had developed two strong-growing laterals in the axils of opposite 
leaves at the same node. The stem of each plant in series C was 
split longitudinally in the middle for a distance of 1 to Iji inches from 
the base of the stem toward the top. A few small roots were destroyed 
by this procedure. One part of the root system of the plant was then 
planted in the same mixture of soil that was used in series A, the other 
half in the sand. For this planting, two tin cans, size 3, that had 
been fastened together by means of a wire vrere employed. Small 
holes were punched in each can to allow drainage. The cans were 
naOed to a board in order to make the containers more rigid. The 
arrangement is shown in figure 1, A. 

The plants of each series were then grown in the greenhouse until 
specific effects of tne three treatments on the developing plants were 
evident. Four to six weeks were required. At the end of this time, 
considerable differential growth has occurred between the two oppo¬ 
site branches and the two root systems of the divided plants (fig. 1,5). 
The lateral on the same side of the plant as the root system which had 
been planted in sand remained small and stunted. The leaves were 
smal and undersized but nearly normally pigmented. The lateral on 
the ^me side of the plant as the root system which had been planted 
in rich soil grew luxuriantly. It was 3 or 4 times as large as the oppo¬ 
site branch and carried many more well-developed leaves. The differ- 
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entiated growth showed that mineral and nitrogenous nutrients which 
were absorbed on the soil side of the plant were utilized and elabo¬ 
rated to a large extent on that side only. Apparently^ the half of 
the plant growing in sfxnd did not receive a sufficient quantity of 
nutrients from this medium to support normal growth. 

THE ASSAY OF VITAMIN IN COLEUS LEAVES 

Leaves of coleus taken from the three series of plants were offered 
to four different lots of rats as the sole source of vitamin A in a diet 
that had been rendered free of that factor. One lot, which will be 



Figure l.—A, Coleus planted with the root system divided so that one portion grew in sand and the other 
in rich soil, whereby differential growth was produced in two laterals of the same age; B, divided coleus 
plant removed from containers, showing extent of root system in sand and soil media after 3 months of 
growth. 


referi'ed to later as group A, was fed on leaves obtained from undi¬ 
vided plants grown in rich soil. The second lot (group B) was given 
the leaves taken from similar plants grown in sand, the third lot (group 
C) on leaves from the lateral of the divided plant grown in soil, and 
the fourth lot (group D) on leaves from the lateral grown in sand. 

A modification of Sherman and MunselPs method (^) was used for 
the determination of the relative quantity of vitamin A in the four 
types of coleus leaves. The details of the method were carefully 
standardized in the nutrition laboratory in regard to the specific re- 
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action of the colony to the rations fed, respectively, to the stock rats 
and to the experimental animals. 

The rats used in the study originated from the stock colony belong¬ 
ing to the nutrition laboratory of the foods and nutrition subsection. 
The colony was composed of Wistar rats inbred by brother and 
sister mating for 60 generations. The animals weighed approxi¬ 
mately 47 g and were 28 days old when placed upon the experimental 
ration. The animals were caged individually and were fed the 
following vitamin-A-free diet ad libitum: casein (free from vitamin 
A), 18 percent; starch, 56 percent; Osborne and Mendel salt mixture, 
4 percent; and Crisco, 22 percent. Five-tenths of a gram of yeast, 
one-fifth of which had been irradiated, was fed separately to each 
rat every day. Upon this dietary regime the^ animals were depleted 
of theh bodUy stores of vitamin A in approximately 21 days. ^ Sta¬ 
tionary weight for a period of 5 days, accompanied by incipient 
xerophthalmia, was used as the index of depletion. At the end of 
the depletion period, the average weight of the animals was 98.5 g. 
The rats were divided into four groups with litter mates, males, and 
females distributed as uniformly as possible in each group. Coleus 
leaves obtained from plants grown as described above were then 
offered to the members of each group as the only source, of vitamin 
A in their food. ^ 

Preliminary trials indicated that 20 mg of coleus leaf grown in 
sand, when fed daily, furnished approximately 1 unit of vitamin 
A as defined by Sherman and Munsell (6), The four kinds of coleus 
leaves were therefore offered at this level. In sampling, each leaf 
was cut in segments and numbered according to the position of the 
segment in the leaf. On the first day, the first member of a group 
received segment 1; on the second day, segment 2, and so on. With 
this arrangement, as the experiment progressed, all rats received 
representative samples from all parts of the leaf, thus error due to 
unequal distribution of the vitamin in the leaf was avoided. The 
segments were carefully W’'eighed on a torsion balance. A double 
portion was offered on Saturday. Special care w^as taken to insure 
the consumption of the daily dose of the coleus leaves offered. The 
vitamin feeding was continued for 8 wrecks. 

RESULTS 

Data are presented in table 1 w^hich show that rats receiving, as 
the sole source of vitamin A in the diet, a daily dose of coleus leaf 
taken from undivided plants grown entirely in sand gained less during 
the experimental period than did any other group. Of particular 
interest is the fact that the average rate of growth of this lot of 
rats was approximately one-half that of the group given similar¬ 
appearing coleus leaf removed from the stunted lateral nourished by 
the inadequate supply of nutrients present in sand. There were 
slight differences in the average total gains in body weight made 
by the three groups of rats fed coleus leaf taken, respectively, from 
the undivided plant grown in soil, the divided plant grown in sand, 
and the divided plant grown in soil- Upon analysis, these dif¬ 
ferences were not found to be statistically significant as the data 
recorded in table 2 indicate. 
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Table 1. —Mean weights at end of depletion period and mean gains in 8 weeks 
of the 4 groups of rats fed vitamin-A-free diets supplemented by 20 mg of coleus 
leaf taken from plants treated in S different ways 



Treatment of plant 

Eats 

Weight at 
end of 

Mean- 
weight 
gain in 

S weeks 

Group 

Started 

Survived 

depletion 

period 

A i 

Grown in soil--- 

Number 

20 

Number 

17 

Grams i 
94 ! 

Grams 

45.82 

B j 

Grown in sand... 

13 

s 

98 1 

22.13 

c ! 

One-half grown in soil.—... 

21 1 

18 ! 

99 i 

49.22 

D ^ 

One-half grown in sand..... 

23 ; 

20 1 

103 j 

42.90 


Table 2. —Values of t between mean total gains for each series, secured by analysis 

of variance 


j 

Groups of rats classified according to kind of coleus fed 

B, all sand j 

1 ...^ 

i 

C, soil half { 
of divided j 
plants j 

D, sand half 
of divided 
plants 

A, all soil........ i 

B. all sand .. ’ 

13.015 

0.651 

2 3.357 

0.527 
2 2.448 
1.122 

C, soil half of divided plants_ ' _ 

.uu auu yiauL.. 




5 Significant. 

® Highly significant. 


Estimates of experimental error were obtained by analyzing the 
variance in the manner devised by Fisher (S). Tests of significance 
for the values of t were made by means of the table of values of r, R, 
and t adapted by Wallace and Snedecor (7) from Fisher^s tables. 
Similar statistical treatment showed that the differences in the mean 
body weights of the four groups of experimental animals at the end 
of the depletion period (table 1) were not significant. For instance, 
in testing for the significance of the differences noted in mean weights 
of the groups at this time, a value for t of 0.7377 was obtained when 
groups A and B were compared, and of 1.102 when the mean weights 
of the rats in groups C and D were similarly analyzed. Inasmuch 
as these values do not indicate significant "differences, the greater 
increments in growth made by groups A, C, and D in comparison 
with that made by group B cannot be attributed to any cause except 
to variation in the vitamin content of the leaves fed to the four 
groups of animals. 

DISCUSSION 

These results lead to very interesting speculation. Unmistakably, 
the leaves of a stunted imderdeveloped plant grown in a medium 
extremely poor in the essential nutrients contain less vitamin A than 
do the leaves of similar plants grown in a highly favorable nutritive 
medium. Evidently some factor necessary for the synthesis of 
vitamin A is lacking in the nutrients provided by the sand. That the 
lack of certain plant nutrients may definitely retard the synthesis of 
vitamin A has been noted by Butcher {8, p. 123) in unpublished data. 
He found that spinach made chlorotic by p’owing in soil containing 
insuflBcient manganese manufactured less vitamin A than did spinach 
grown with adequate amounts of the element. 
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On the other hand, a plant, one-half of which is stunted, produces 
small leaves on the inactively growing side that, weight for weight, 
are relatively as rich in vitamin A as are the large leaves from the 
well-nourished half of the plant. The difference in the nutritive 
state of the two sides of the plant seems to indicate that there is no 
cross transfer of food materials from one side of the plant to the other 
in Coleus blumei. Apparently, then, the common plant nutrients such 
as nitrogen, phosphorus, potash, calcium, etc., may not be concerned 
in the s37nthesis of the vitamin or the vitamin may have been synthe¬ 
sized and transferred. Auchter (1) has shown that water passes from 
one side of a plant to the other; but water cannot be the determining 
factor in producing a like vitamin content of the leaves, for the divided 
and undivided parts were both liberally supplied with water. How¬ 
ever, in its passage through the plant, water may have carried from 
the well-nourished part of the coleus some soluble inorganic or organic 
material concerned with the manufacture of vitamin A, but not wdth 
growth. Or perhaps the vitamin itself or its precursor, carotene, 
elaborated in the adequately nourished side of the plant 'was trans¬ 
ported to the poorly nourished half. The recent demonstration by 
Von Euler and Ivliissmann (S) that carotene and other carotenoid 
pigments pass into aqueous solutions of the bile salts suggests the 
possibility of a transfer of this nature. The hypothesis of a transloca¬ 
tion of vitamin A, however, is not substantiated by certain state¬ 
ments of Hauge and Trost (4), if the findings obtained with ears of 
corn as the test material apply to the present situation. These 
workers crossed Reid Yellow Dent and Johnson County White Dent 
corn and were unable to detect any measurable transfer of vitamin A 
to white endosperm grains selected from F 2 segregating ears. They 
found that vitamin A 'w^as al'ways associated with the yellow endo¬ 
sperm and that w^hite grains when growm on the same ears with the 
yellow grain did not contain vitamin A. 

No reasonable explanation, therefore, can be offered at present for 
the phenomena described. The most significant point of the experi¬ 
ment lies in the results obtained; i. e., an undivided plant grown in 
sand does not have the abihty to synthesize normal quantities of 
vitamin A in its leaves whereas a plant, divided and growing one-half 
in soil and one-half in sand, is able to produce normal quantities of 
vitamin A in the leaves of the stunted lateral. 

SUMMARY AND CONCLUSIONS 

Vitamin A was not synthesized in as large quantities in a poorly 
nourished stunted coleus plant as it was in an actively growing, weU- 
nourished one. However, when, differentiated growth was induced 
in two sides of a single plant, the leaves of the underdeveloped lateral 
contained relatively as much vitanoin as did those on the luxuriantly 
growing branch. 

These fintogs suggest either a specific but unidentified nutrient 
factor essential for the synthesis of vitamin A or a cross transfer with¬ 
in the plant of potential vitamin A materials in a manner that is not 
characieristic of the food factors essential for the growth of the plant. 
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THE PHOSPHORUS REQUIREMENTS OF DAIRY 
HEIFERS' 

By J. G. Archibald, assistant research professor of cheynistry, and E. Bennett, 
research assistantj Massachusetts Agricultural Experiment Station - 

INTRODUCTION 

An earlier paper ^ in this journal dealt with the calcium require¬ 
ments of growing dairy heifers. Since that report was published an 
investigation of phosphorus requirements has been conducted along 
the same general lines. 

EXPERIMENTAL ANIMALS 

One pure-bred and seven high-grade Holstein-Friesian heifers were 
used. They were divided into two groups designated as the liigh- 
phosphorus and low-phosphorus groups. Table 1 shows their history. 
Unfortunately, two of them (both in the same group) had to be dis¬ 
posed of when their experimental period was about half completed. 

Table 1.— History of the heifers in the phosphorus-requirement tests 


Group 

' j 

Heifer 1 
no. 

Bom 

i Age at : 
j commence-1 
! ment of I 
experiment; 

! 

First calf 
delivered { 

Age at 
first 
calving 

High-phosphorus ration... 

162 

175 

190 

192 

[ 

Aug. 29,1929 
Jan. 10,1930 
Apr. 12,1931 
Apr. 10,1931 

181 

114 

159 

161 

Nov. 28,1931 1 
June 26,1932 1 
Sept. 18,1933 
Aug. 29,1933 

Dap'S 

1 821 

! 898 

890 

1 872 

Average.. 



154 


870 

Low-phosphorus ration_ 




J 163 

1 168 
' 191 

193 

Aug. 31,1929 
Dec. 16,1929 
Apr. 12,1931 
Apr. 1,1931 

179 

128 

159 

170 

I No calf_ 


.do_ 


Average. 

Aug. 11,1933 
Aug. 19,1933 

852 

871 



2165 


1 862 



. j 



1 Reacted to the tuberculm test, Feb. 9,1931; slaughtered Feb. 16,1931. 

2 Average age of the two that calved. 

NATURE OF THE RATIONS 
The basal ration was composed of: 

Mixed hay (low in phosphorus). 

Dried beet pulp. 

{ 8 parts corn meal. 

1 part corn gluten meal. 

1 part blood flour. 

This combination resulted in a ration quite low in phosphorus. 
For the high-phosphorus group it was supplemented with requisite 


1 Received for publication Alar. 4,1935; issued August 1935. Contribution no. 1S8 of the Alassaehusetts 
Agricultural Experiment Station. 

2 The advice and suggestions of Dr. J. B. Lindsey, former head of the Department of Chemistry at this 
station, are acknowledged and appreciated. 

3 Lindsey, J. B., Archibald, J. G., and Nelson, P. R. the caclium requirements of dairy heifers. 
Jour. Agr. Research 42:883-896,1931. 
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amounts of rice bran, a product relatively high in phosphorus. The 
additional amounts of other nutrients furnished by the rice bran 
were offset for the low group by slightly larger amounts of the basal 
ration. 

The proportions of the several ingredients fed to the two groups 
at varying ages are shown in table 2. The slightly larger average 
daily feed intake b 5 " the high-phosphorus group is due to the fact that 
these animals, as a group, wmre slightly heavier from start to finish 
than those in the low-phosphorus group 

The hay fed was designedly as low in phosphorus as could be pur¬ 
chased locally. It was grown on farms in the vicinity of the experi¬ 
ment station, was cut late, and came from run-out fields. The beet 
pulp was fed to give the ration greater palatability and also to furnish 
calcium. The grain mixture provided adequate amounts of protein 
and energy and was very low in phosphorus. The composition of 
the feeds is shovm in table 3. 


Table 2. —Average daily feed consumption of heifers by groups and ages 


Group and age 

.. 

Hay 

Beet 

pulp 

Grain 

mixture 

Rice 

bran 

Total 

daily 

intake 

High-phosphorus: 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

Calves... 

5.63 

0.99 

3.12 

0.99 

10.73 

Yearlings.... 

9.00 

1.28 

1 3.60 

1.10 i 

14.88 

2-year-olds... 

11.55 

1.88 ; 

3.88 

1.88 I 

19.19 

Low-phosphorus: 

Calves_____ 

5.94 

.99 

3.36 

i 

10.29 

Yearlings.... 

i 9.09 

1.35 

3.77 


14.21 

2-year-olds.. 

! 12.72 

1.94 

3.98 


18. 64 




4 Tlie method of feeding previous to placing the heifers on the experimental rations at about 5 months of 
age was the same for all individuals. 















Tablid Z.—Minimum, maximum, and average composition of feeds used in the experiments 
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The high-phosphorus ration supplied about one and two-thirds 
times as iiiucli of that element as did the low-phosphorus ration. 
Other constituents were kept as nearly on a par as possible (table 4). 
Intake of digestible protein per unit of body weight was practically 
identical for both groups throughout, but the high-phosphorus group 
received an average amount of total digestible nutrients per unit of 
weight slightly greater than did the low-phosphorus group. This was 
due to a soniewhat higher content of fat in the rice bran than was 
anticipated. Analyses on record give the average crude fat content 
of rice bran as about 10 percent; the samples taken during this 
experiment averaged 14.3 percent. 

Table 4. —Daily intake of total and digestible nutrients by heifers, per 100 pounds 

live weight 


1 

Age i Group 

! 

1 

i. 

Dry matter 

Crude protein 

Crude fiber 

Nitrogen-free 

extract 

03 

Calcium 

Phosphorus 

Digestible 

protein 

Total digest¬ 
ible nutrient 

1 

i 

noK-.s |;High-!>hos;>horus.,.. 

“. 1 1 Low-phosphorus_ 

* High-phosphorus.— 

1 / High-phosphorus— 
.jlLow phosphorus_ 

Weighted averages for 1 Hiirb-Dhsonhorus 

Lb. 

2.10 
1.96 
1.67 
1.80 
1.66 
1.58 

Lb. 

0.27 
.26 
.20 
.21 
. 18 
.17 

Lb. 

0.43 

.39 

.36 

.40 

.37 

.36 

Lb. 
1.25 
1.18 
.97 
1.07 
.97 
.93 

Lb. 

0.077 
.048 
.052 
.041 
.056 
.037 

Lb. 

0.0085 

.0082 

.0067 

.0075 

.0065 

.0069 

Lb. 

0.0072 

.0040 

.0050 

.0034 

.0045 

.0026 

Lb. 

0.17 
.16 
. 12 
.13 
.10 
.10 

Lb. 

1 . 51 
1.35 
1.14 
1.22 
.91 
1.05 

3.78 
1. 71 

.22 

.21 

1 

.38 

,37 

1.04 

1.02 

-058 
: .040 

i 

.0071 

.0072 

! 

.0055 

.0033 

.13 

.13 

1.22 
1.16 


KESULTS OF METABOLISM BALANCE TRIALS 

Seventy-seven metabolism balance trials were carried out, 42 with 
the high-phosphorus group and 35 with the low-phosphorus group. 
It should be borne in mind that these metabolism-balance periods 
were not continuous, but w^ere conducted at frequent intervals for 
10-day periods throughout the course of the investigation. The 
experimental and analytical procedure was identical wdth that 
described in the earlier publication.^ The progress of the w'ork has 
been accelerated somewhat by the addition of two more metabolism 
stalls, thus making it possible to have four heifers on trial at one time. 
Figure 1 show^s the general arrangement of the stalls. 

s LiNBSEY, J. B., Abchibaijo, J. G., and Nelson, P. R. See footnote 3. 

Methods of analysis were as follows: 

For nltrc^en the Kjeldahl method described in the following: publication: Association of Offiqal 
Ageicultueal Chemists, official and tentative methods of analysis . . , Compiled by the com¬ 
mittee on ^ting methods of analysis. Ed. 3,593 pp., illus. W'ashington, D.C. 1930. 

For eakiiim and magnesium the method of MeCrudden modified for use with materials of this nature; 

McCEimOEN, P. H., THE QUANTITATIVE SEPAEATION OF CALCIUM AND MAGNESIUM IN PRESENCE OF PHOS¬ 
PHATES AND SMALL AMOUNTS OF lEON DEVISED ESPECIALLY FOE THE ANALYSIS OF FOODS, URINE AND FECES. 
Jour. Biol. Cbem. 7:®-100. 1910. 

For phosphcrus the colodmetxic method described in the following publication: Fisee, C. H., and 
SUBBAEOW, T. THE COLORIMETRIC DETERMINATION OF PHOSPHORUS. JOUT. Biol. Chem. 66: 387-389. 1925. 
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The frequency ^ith which individual heifers were used as members 
of the high-phosphorus and low-phosphorus groups was as follows: 
High-phosphorus group—heifers 162 and 175, 16 times; heifer 190, 
4 times; heifer 192, 6 times. Low-phosphorus group—heifer 163, 8 
times; heifer 168, 4 times; heifer 191, 11 times; heifer 193, 12 times. 
The uneven distribution of trials between individuals was due in the 
first place to the loss of nos. 163 and 168 early in their yearling period, 
and to a subsequent effort to even up the number of trials for the two 



PiGURE 1.—Arrangement of metabolism stalls used in the experiments. 


groups by using nos. 191 and 193 considerably more than nos. 190 
and 192. 

The detailed balance records for the individual heifers are given in 
table 5 and the data are summarized in table 6. The values in this 
table were obtained by taking the average of all trials for a given age 
of all indmduals in the group. The probable error of these averages 
W'as determined by means of BesseFs formula, \uz., 

P.E..=0.S7U^^y 
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RETENTION AS RELATED TO INTAKE 

Considering first the results as a whole: The nitrogen, calcium, 
and phosphorus balances were positive in all cases. _ With the average 
intake of nitrogen per unit of weight practically identical for both 
groups, the high-phosphorus group retained 1 percent more, indi¬ 
cating slightly, but not significantly, better utilization of nitrogen 
by that group. 

"Retention of calcium per unit of weight was the same for both 
groups, but since the unit intake for the high-phosphorus group was 

6 percent less than for the low-phosphorus group, utilization by the 
former was slightly, but not significantly, superior (30.8 percent as 
contrasted with 29 percent). 

Retention of phosphorus per unit of weight was somewhat greater 
in the high-phosphorus group (0.73 g as compared with 0.60 g daily), 
but since the intake by the low-phosphorus group was only 60 per¬ 
cent that of the high-phosphorus group, the utihzation by the low- 
phosphorus group was significantly greater (35.9 percent as con¬ 
trasted with 26.3 percent). This is in agreement with the earlier 
work on calcium requirements,® where it was noted that the lower 
intake was more efficiently utihzed. 

Forty-one of the magnesium balances w^ere negative; 15 in the 
high-, 26 in the low-phosphorus group. Although they occurred 
more frequently in the low-phosphorus group, the average negative 
balance was not much larger for that group (—0.146 g daily per 100 
pounds live weight as compared with —0.137 g daily for the high- 
phosphorus group). The net result for the groups as a whole was a 
very slight positive balance of magnesium for the high-phosphorus 
group and a slight negative balance of that element for the low- 
phosphorus group. The significance of such a large number of nega¬ 
tive balances of an element is not readily apparent. A similar situa¬ 
tion was noted and commented upon in the earlier paper on the 
subject.^ The departure from normal environment in the conduct 
of metabolism experiments, wffiile it may not interfere to any extent 
mth storage of elements which are utilized in relatively large pro¬ 
portion to their intake (e. g., nitrogen, calcium, or phosphorus), may 
be sufficient at times to shift to the negative side the equilibrium of 
an element like magnesium, which at best is utilized in relatively 
small proportion. 

EFFECT OF AGE ON INTAKE, RETENTION, AND UTILIZATION 

The average results ® for different ages are portrayed graphically 
in figures 2 and 3 in addition to being summarized in table 6. The 
graphs shovT the relative decrease (or increase) in intake, retention, 
and percentage utilization per unit of weight with advancing age. 
They were constructed by assuming in each case a value of 100 for 
the first year, values for the second and third years being expressed 
in the appropriate percentage ratio. They show quite clearly— 

(1) That intake per unit of weight in general decreased with ad¬ 
vancing age, which is normal. The rate of decrease was usually more 

® Lindsey, J. B., Aechibald, J. G., and Nelson, P. R. See footnote 3. 

7 Lindsey, J. B., Abchibald, J. G., and Nelson, P. R. See footnote 3. 

s Bwnae of ti» many negative balances, results for magnesium do not lend themselves to granhic nor- 
toyal, and neoware not included. 



July 1 , 1935 The Phosphorus Requirements of Dairy Heifers 


93 



YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR 

Figure 2.--Bate of decrease or increase in intake (A), retention (B), and percentage utilization (C) of 
nitrogen, calcium, and. phosphorus by the high-phosphorus group of heifers as affected by increasing 
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FIRST SECOND THIRD FIRST SECOND THIRD FIRST SECOND THIRD 
YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR YEAR 

Figure 3—Rate of decrease or increase in intake (A), retention (B), and percentage utilization (C) of 
nitrogen, calcium., and phosphorus by the low-phcsphorus group of heifers as affected by increasing 
age. 
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rapid from the first year of life to the second than from the second 

t'O the third. 

(2) That retention, per unit of weight, of all three elements de¬ 
creased rapidly from the first year of life to the second, and, in the 
case of calcium, increased slightly from the second to the third year, 
the increase being more marled in the low-phosphorus group. Nitro¬ 
gen and phosphorus retention continued to decrease in both groups 
during the third year. 

(3) That in general percentage utilization (ratio of retention to 
intake), was roughly parallel to actual retention in its rate of decrease 
for both groups and the three elements. 

The principal point of interest here is the upswing in retention and 
utilization of calcium in the third year for both groups, possibly a 
reflection of the demands of pregnancy. 

CALCIUM PHOSPHORUS RATIO 

Eespecting ratio of calcium to phosphorus fed and retained no 
definite conclusions can be drawn. The tendency in retention has 
been toward a general level at around 1.5:1. The high-phosphorus 
group, with a somewhat lower average intake ratio, had an average 
retention ratio of 1:1.4, while the low^-phosphorus group, with a con¬ 
siderably higher average intake ratio, leveled down on retention to 
1:1.7. The exceptions to this statement are the retention ratios for 
2-year-olds in both groups. It is thought that possibly the marked 
departures in these cases are due to the relatively small amount of 
data for that age group. 

GROWTH AND REPRODUCTION RECORDS OF THE ANIMALS 

The procedure for recording growth was the same as in the earher 
wmrk.® A graphic summary of the growTh records appears in figure 
4. Table 7 gives a record of the w^eight and condition at birth of 
each heifer’s first calf. 


Table 7. —Weight and condition at birth of calves horn to heifers in both phosphorus 

groups 1 


Calf of heifer no.— 

High-phosphorus 

group 

Calf of heifer no. 

Low-phosphorus 

group 

Weight 
at birth 

Condition 
at birth 

Weight 
at birth 

Condition 
at birth 

162... 

Pounds 

2 40 

95 

96 
98 

Good. 

Do. 

Do. 

i Excellent. 

3 163.. 

Pounds 

(*) 

« 

86 

100 


175,.... 

3 168. 


190.. 

s 191 

Good. 

Excellent. 

M2... 

193 

Average..: 

Average. 

96.3 

92.5 


1 In all cases only one service was required for conception. 

^ Sired hj a Jer^y bull; not included in tbe avers^e. 

! As previously noted, these animals had to be disposed of as yearlinffs 

< NO' call & 

® Retained the placenta. 

The graphs reveal a quite uniform rate of growth. The low phos- 
phorus grou p averaged smaller at the start and, with respect to girth, 

» tansEV, J. B., AacHiBALD, J. G., and Nelson, P. R. See footnote 3. 
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they continued so throughout the experiment. Their average weights 
were less until mthin a month before the experiment ended. Their 
superiority in height after the nineteenth month is attributed to the 
fact that data were available for only two heifers in this group (191 
and 193) during the latter half of the experiment. This is confirmed 
by plotting the height curves for these two only for the entire experi- 



/L6E (MONTHS) 

Figuee 4,—Composite curves representing average weights {A)^ height at withers (B), and heart girths 
(<7) of heifers in the high- and low-phosphorus groups. The solid lines represent the high-phosphorus 
and the broken lines the low-phosphorus groups. Commencing with the fourteenth month the curve 
for the low-phosphorus group is a composite for twm animals only. 

ment, and comparing them with the curves for their mates in the high- 
phosphorus group (190 and 192) also for the entire experiment. \Yhen 
thus segregated j the average height for the two in the low-phosphorus 
group is seen to have been greater throughout than that of their mates 
in the high-phosphorus group, indicating an obvious reason for change 
in the trend of the composite graph in the latter part of the period. 

Differences in the evidence recorded in table 7 regarding the 
effect of the rations on the reproductive function are so slight that 
they are probably without significance. 
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In addition to this evidence secured while the heifers were on 
the experimental rations it is pertinent to include the fact that their 
subsequent history as cows with regard to either production or 
reproduction does not indicate that the high-phosphorus is superior 
in any way to the low-phosphorus group. If anything, the latter 
group has a more satisfactory record. It is possible, of course, that 
benefits from the larger amount of phosphorous stored by the high- 
phosphorus group may be apparent later on, that these individuals 
may have a longer productive life, or that they may be able to stand 
the strain of continued high production better than the low-phos¬ 
phorus group. 

DISCUSSION 

From the data here presented it seems reasonable to conclude 
that heifers can make average growth on rations supplying amounts 
of phosphorus similar to those supplied by the low-phosphorus 
ration, that is, 1.8 g of phosphorus daily per 100 pounds of live 
weight during the first year of life, 1.7 g during the second year, 
and 1.2 g during the third year. That these amounts represent the 
optimum is not contended; probably they are somewhere close to 
the minimum. Hay containing less than 0.20 percent of phosphorus 
and consumed in normal amounts will not supply these amounts of 
phosphorus. Rowen and legume hays contain sufficiently more than 
that amount (0.20 percent) to provide a reasonable margin of safety 
even if nothing else is fed, but the average of a large number of 
analyses of ordinary mixed hays grown in Massachusetts shows 
only 0.16 percent of phosphorus, while some samples have been 
found that run as low as 0.10 percent. Where the roughage consists 
entirely of ordinary mixed hay, and especially where the quality is 
inferior, some other source of phosphorus should be supplied. The 
most logical and practicable way to make up possible deficiencies in 
this respect is through lindted grain feeding, which is nothing more 
than most successful feeders do regularly. 

The lowest phosphorus carrier among our common grains is corn, 
but even this will supply the deficiency when fed at a level of 3 
pounds daily, while much smaller amounts of such high phosphorus 
carriers as wheat bran or linseed meal will supply the necessary 
amount. 

SUMMARY AND CONCLUSIONS 

In summarizing the results attention is called to the following 

points: 

Retention and utilization of nitrogen and calcium were of a similar 
magnitude in both high- and low-phosphorus groups, such small 
differences as existed not being of statistical significance, except in 
the case of nitrogen storage by the 2-year-old subgroups. The 
apparently s%nificant difference here may have been due, however, 
to an insufficient amount of data in these age groups. 

Retention of phosphorus by the high-phosphorus group was 
superior at aU ages, and significantly so during the first year. The 
low^phpsphoras group made better use of the phosphorus they 
'r©criv:«i^ but not sufficiently so to equal the high-phosphorus group 
.in phosphorus storage. 

Difiereaees, in .growth and reproductive function were very^slight 
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PRINCIPLES OF SNOW SURVEYING AS APPLIED TO 
FORECASTING STREAM FLOW ‘ 


By J. E. Chxjkch 

Meteorologist^ Nevada Agricultural Experiment Statioyi, and adviser, Nevada Cooper¬ 
ative Snow Surveys 

SNOW SAMPLING 


The purpose of snow sampling is to obtain an inelastic standard of 
measuring snow. The nietliod of “accumulated snowfall’', that is, 
the determination of total depth of newly fallen snow, storm by storm, 
necessarily involves erroi's due to variation in density of each snowfall. 
The average of many years will furnish a fairly accurate normal, but 
the seasonal measurement may be distorted. Rain gage measure¬ 
ments, even where the catch is reasonably accurate, do not represent 
the residue of snow or moisture available on March 1 or April 1. Snow 
stakes do not give the density at all, and even late in the winter after 
the snow has settled a new storm of fluffy snow may distort consider¬ 
ably the apparent water content of the snow. 


APPARATUS 2 


A snow sampler, devised for use on Mount Rose, Nev., has been de¬ 
veloped in strength and length to meet all conditions of moimtainsnoV. 
The entire apparatus, even for the deepest snows, can easily be carried 
by two persons, and for medium snows can be carried comfortably by 
one. The basic principle of this sampler is a slotted tube ending in a 
spiral milled cutter which will cut snow cores however hard the snow 
may be. A slight offset or shoulder in the inside diameter of the cutter 
prevents the core from sliding down while being lifted. The slots 
permit the ready determination of the length of the core and facilitate 
the cleaning of the tube in case the snow adheres. The upper end of 
the tube is open, so that by the simple act of inverting, the snow core 
slides out quickly. Driving and clearing are accelerated by keeping 
the tube covered with a thin layer of shellac. 

The length of the tube depends upon the usual depth of snow found. 
The measurements are effected by a scale of inches stamped along the 
length of the tube to measure the depth of the snow and the length of 
the core, and by a special spring balance by which the net inches of 
water in the snow sample can be read dtrectl}^ from the dial. Thus 
no computations are necessary in the field. 

The notebook, treated by a special process to withstand snow and 
waterbears the columns for data essential to making up the forecast 

(fig- D- 

1 Beceived for publication Dec. 10, 1034; issued September 1935. 

3 The deaiription of the apparatus is taken in large part from the following publieatMm; CerBCH, I. E. 
HUMBOLDT BASIN SNOW suEVEYs AND METEOEOLOGICAL DATA, lu Malone, G. W., Humboiclt River Oistri- 
bution and Different Features Affwting These Deliveries for the Years 1927 to 1931, Inclusive, eh, 5, pp. 
187-103], illus. Carson City, Nev. 1932, 

® The u» of waterproof paper for snow surveying was begun by the State of Oregon. 
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NEVADA COOPEHATIVE SNOW SURVEYS 
Reno, Nev. 

SNOW SURVEY NOTES 


Drainage basin_ 

fenow _Spacing of samples-:-- 

Party chief _ Date- ,19- 


Number of 
sample 

(1) 

Beptb of 
snow, 
inches 

(2) 

Length of 
core, inches 

. 

Water con¬ 
tent, inches 

(4) 

Density 

100X(4)/(2) 

I>ercentage 

(5) 

Remarks 

i 

1 

i 

!_ 

j 

I 

] 


[ 


N. B.—Sample no. 1 should not be taken at initial point or end of course but one 
space distant. 

Number_of_sheets. Compiled by__Checked 

by- 

riGURE 1.—Form of notebook page on which snow-survey data are recorded. 

Tlie average of the total measurements represents the measure¬ 
ment for the course. The density is determined by dividing the water 
content by tlie depth. In case too large a proportion of the cores are 
more than 2 inches short (a condition sometimes caused by sticking 
snow), the average density is computed only for those measurements 
where the cores are satisfactory, and this density is applied to the 
average depth of snow of all the measurements in the course. Thus 
errors due to the failure of snow to enter the sampler tube can be 
largely corrected. However, by resampling when the cores are short 
or by waiting for the snow field to freeze, most of the unsatisfactory 
measurements can be avoided. 

Figure 2 shows the Mount Rose Observatory and the Tahoe Basin; 
figures 3 to 5 show the snow sampler in use in the field. 

RELATIVE VALUE OF DIFFERENT METHODS OF FORECASTING 

SNOW SURVEYING 

Two methods of forecasting based upon snow surveying have been 
developed—the percentage method and the method of areas. The 
former method is simple, being merely the determination of the per¬ 
centage relationship of the seasonal snow cover of any given basin or 
mgion to its normal, the assumption bein^ that such a percentage is 
indicative of the coming seasonal run-off in the streams below. By 
the latter method the surveyor endeavors to determine the acre-feet of 
water in the snow fields and the probable net amount that will find its 
WOT into the streams. 

The difference between the two methods is fundamental. The 
percent^e method is based upon the fact that the big storms which 
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furnish the bulk of the -wunter snow are comparatively uniform in 
intensity over considerable areas, thus lacking the_ spotted character 
of the lighter summer rains. Therefore, it is possible to select from 



A 



Fiocia® 2.—.ii, Mount Eose Observatory at tbe er^t of Mount Rose, elevation 10,860 feet; B, view of north 
and west sides of Tahoe Basin. 


4 to 6 snow-survey courses distributed over characteristic parts of 
a basin and, by averagii^ their individual seasonal percentages, to 
obtain a close seasonal percentage for the basin as a whole. The only 
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reqiiireiiieiits are that the snow courses shall be fixed and fairly long, 
such as 40 nieasurements 50 to 100 feet apart, and that they be located 
at a sufficient altitude to prevent distortion of the measurements by 
vinter iiielting. A safe altitude on the western slope of the Sierra 
Nevada has been found to be approximately 7,000 feet. However, 
on the eastern slope and in the Humboldt Range, where the snow at 
this elevation is shallow, and therefore unstable, a higher elevation 
should, if possible, be sought. Sites for snow courses should be selected 
when possible, in protected flats or in timber, where the snow cover 
does not suffer oscillation from the wind. 

The occurrence of early melting in the lower portions of the water¬ 
shed and consequent distortion in the run-off indicated by the snow 
survey have caused the development of a zoning system. This 



Figitre 3—Mount Eose snow sampler; the show is as deep as the sampler is tall. 

system consists of the dhnsion of the watershed into a series of altitude 
zones, measured by a planimeter on a topographic map, with a snow 
course and normal to represent each. The seasonal percentage for 
each zone is weighted accordiog to the relative area of each. The 
average percentage of the zones represents the percentage for the 
watershed. 

The method of areas is beset by two serious difficulties: (1) The 
large variation in the snow cover (even of individual basins) with 
elevation and distance from the crest of its watershed: (2) the diffi¬ 
culty of determining the normal seepage and evaporation losses of the 
region. The close agreement, when the precipitation during the 
period of run-off is fairly normal, between the snow cover and the 
run-off as determined by the percentage method is shown in table 1. 
The apparently wide divergence where the area method is used is 
shown in table 2. 
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5.-I>rivmg^ Moont Bom snow sample: iA) by band and (B) by using tbe driving wrench and 
weight of the body. 





July 15,1935 Sifiow Surveying as Applied to Forecasting Stream Flow 103 


Table L —Similarity of snow cover in Tahoe Basin as determined hy percentage 
method and rise of Lake Tahoe after Apr. 1, in years of approximately normal 
precipitation daring run-off 

[Percentage of normal] 


Item 

1910-11 j 1911-12 

1912-13 

1913-14 

1 1914-15: 

1916-17 

SnovT cover (average of 6 courses)... 

Actual rise of lake after Apr. 1____ 

Variation between snow cover and run-off_ 

170 . 4 ! 49.7' 

1 172.3 64.5 

1 -1.9 1 -14.8 

i I 

58.2 

69.3 
-11.1 

i 

153. S i 
150.6 i 
-+-3.2 1 

1 

j S8.2 ; 
i 89.8 
; -1.6 

115.6 

125.9 

-10.3 




Table 2. —Divergence between method of areas a'tid percentage method of determining 
rise of Lake Tahoe after Apr. 1 in 1915 and 1916 



Estimated rise by— 





Year 

1 

Method of areas 
(corrected for 

normal losses 
by evaporation 
from snow and 
surface of lake 
and by absorp¬ 
tion by the soU) 

Perc^entage method 
(no corrections 
for normal losses 
necessary) 

■ Actual rise 

Divergence be¬ 

tween estimated 
and actual rise 
as percentage of 
normal rise by— 


Percent- 

Feet i age of 1 
s normal ; 

Feet 

Percent¬ 
age of 
normal 

Feet 

Percent¬ 
age of 
normal 

Method 
of areas 

Percent- 

age 

.method 

1915 .' 

1916 . 

1 0.08 i 5.1 

j 1.73 ! 104.0 ! 

1 i 

1.46 
2.52 

88.2 

151.9 

1.49 

1 2.48 

89.8 

J 149.4 

-84.7 

-45,4 

-1.6 

+2.5 


1 Corrected by 50 percent for abnormal deficiency in precipitation during rise (see p. 105). Actual rise 
only 1.05 feet. 

METHODS OTHER THAN SNOW SURVEYING 

Three methods of forecasting based upon seasonal percentage but 
n(Jt upon snow surveying have entered or may enter into competition 
with the latter, because of their ease or inexpensiveness. These are 
the methods of accumulated snowfall, the winter rise of open lakes, 
and the depth of snow on the ground. The basis for choice between 
these methods and snow surveying is the degree of accuracy justified 
by expense. 

Accumulated Snowfall 

An inherent weakness of the method of accumulated snowfall is 
the variation in the density of the snow, not only from storm to storm 
but even from season to season. This is particularly true where only 
the snow stake is employed and the water content of the snow cannot 
be determined because of distance of station from observer or because 
of the magnitude of the snowfall. In comparative measurements 
made in the Tahoe Basin by the Mount Rose Observatory and the 
United States Weather Bureau the divergence between this method 
and snow surveying varied between 20 and 55 percent for 5 seasons in 
a total of 8. Although this method is moderate in cost, its excessive 
latent inaccuracy makes it undesirable. 

Winter Rise of Open Lakes 

The winter rise of lakes (such as Lake Tahoe) which never freeze, 
should apparently be a safer standard for measuring the snowfaE 
upon the adjacent watershed than the method of accumulated snow- 
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fall, as the snow falling upon the lake is reduced to water. The reverse 
is true, however, for the advantage of a fairly inelastic standard, such 
as water, is overcome by the variable factors of vunter run-off from 
the watershed into the lake and the evaporation from its surface. 
In fact, a 9-year record shows that with a single exception the method 
of accumulated snowfall is from 5 to 40 percent more accurate. 

Depth of Sxow ok the Gboukd 

Of tlie tliree iiietliods that compete with snow surveying, the 
depth of snow on the ground at the beginning of the season of run-off 
is b}" far the most accurate, and if handled carefully is a close rival of 
snow surveying. The prime essentials are that courses equal in 
fixity and length to those used in snow surveying must be maintained 
and that the measurements of depth must be made only when the 
new snow has settled approximately to the density of the snow 
beneath. Fewer measurements, as at occasional snow stakes, or meas¬ 
urements immediately after a storm, -would cause corresponding dis¬ 
tortion in the results. 

Whatever divergence occurs beyond the distortion due to the fore¬ 
going factors is caused by the seasonal density attained during the 
ripening of the snow, Tliis density varies with the winter weather, 
particularly with temperature and wind, but tlie maximum variation 
between seasons is rarely greater than 10 percent. This is shown in 
table 3, which is based on snow surveys in the Tahoe Basin, in which 
both the depth of snow on the ground and the water content were 
determined over the same courses. Since the surveys were made 
without reference to the date of the previous storm the actual varia¬ 
tion between the two methods should be less than that shown in the 
table. 


Table 3. —Difference between depth of snow on the ground and ivater content of 
snow cover in the annual snow survey in Tahoe Basin, Apr. 1, 1909, to 1916 


Seasonal percentage for season indicated 



1909-10 

1910-11 

1911-12 

1912-13 

1913-14 

1914-15 

1915-16 

Depth of snow... 

80.0 

165.1 

59.4 

66.5 

141.9 

93.6 

145.5 

Water content-^... 

82.7 i 

170.4 i 

1 49.7 

58.2 

153.8 

88.2 

151.9 

Variation.. 

-2.7 i 

-5.3 

-h9.7 

+8.3 ^ 

-11.9 ; 

+5.4 

-6.4 


The gain over snow surveying is merely in saving the moderate 
expense for snow samplers. Aside from this the expense for field 
operations would be identical, without the satisfaction of certainty 
regarding the data obtained. 

VARIABLE FACTORS AFFECTING RUN-OFF 

Shrinkage and acceleration of run-off beyond normal occur occa¬ 
sionally, and must be taken into account in predicting the run-off or 
stream flow of an approaching season. 

In forecasting the summer flow from winter snows the cliief problem 
is to anticipate and predict the abnormal shrinkage that infrequently 
occurs in the seasonal percentage indicated by the April survey. In 
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tlie first 11 annual surveys made since 1909 in tbe Sierra Nevada this 
shrinkage has occurred to an extreme degree three times and to a 
moderate degree twice. The maximum slninkage lias been 50 percent 
of normal for lakes and 25 percent for rivers. Later computations 
indicate a maximum of 40 and 20 percent respectively. 

PRECIPITATION DURING RUN-OFF 

The major factor in the phenomenon of slninkage in the predicted 
run-off is lack of precipitation during the period of run-off rattier than 
late snowfall or dryness of the watershed. This is plainly indicated 
by the divergence between the maximum shrinkage in lakes and in 
rivers. Lakes are susceptible to precipitation in whatever amount, 
but streams, because of the pi'eponderating land area of their basins, 
may be from 80 to 90 percent immune to such influence when the 
soil is driest. In fact, the disparity between the susceptible water 
areas of lake and river basins, as in the case of Lake Tahoe and the 
Carson Kiver, may be as great as 50 to 1. When it is considered that 
evaporation is the complement of precipitation and intensifies its 
lack, the theoretical probability of apparently so small a cause as lack 
of late spring and summer rainfall producing so marked an effect on 
the run-off becomes more understandable. No other weather factors 
could have caused the divergence. For the Tahoe Basin this preci¬ 
pitation amounts normally to 22.8 percent of the snow cover. In 
x4pril, when the snow cover is most extensive, it is 10.6 percent, and 
in May it is 9.5 percent additional. 

Despite this fact an effectiveness of 25 percent seems at first 
anomalous in face of the further fact that occasional summer precipi¬ 
tation in the semiarid West is almost negligible as compared with a 
field of snow, because of the small proportion of the former that 
finds its way into the streams. However, at the time when the spring 
precipitation is heaviest the snow cover is most extensive, coming at 
times almost as low down as the gaging station, so that whatever 
precipitation falls at this period finds lodgment upon the snow surface 
and obtains a relatively untaxed passage to the streams. 

As between one region and another, the amount of shrinkage in 
run-off depends upon the quantitative relationship of the precipitation 
during run-off to that of the period of accumulation and to the depth 
of the soil on the watershed- In the Sierra Nevada a deficiency of 
100 percent in spring (i. e., April to July) precipitation seems to cause 
a shrinkage of 16.2 percent of normal in the run-oiff. However, in 
the Humboldt Basin in Nevada, where the spring precipitation is 
relatively four times heavier and the snow survey is made March 1, 
the shrinkage seems to be more than twice as great, or 36.1 percent. 
That it is not even greater is possibly due to the greater depth of soil. 

In the case of lakes like Tahoe, where the lake surface bears a 
relationship of 2 :3 to the land area of the watershed, the shrinkage in 
expected rise is double that in rivers. These estimates are subject to 
still further increase owing to increased evaporation attending lack 
of precipitation, especially when prolonged. 

The relation of this fact to the April snow survey may be stated as 
follows: The equality between the seasonal percentage of the snow 
field, as measured April 1, and the succeeding run-off of April to July 
is dependent upon the normality of aU factors that influence the run- 
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offj for the Yery normal upon which the seasonal percentage is based 
is merely the average of many seasons, and presumably of so many 
that any abiiorinality of the weather has faded into the general 
average. 

MINOR FACTORS REDUCING RUN-OFF 

Lack of autumn rains, snowfall less than normal, and shrinkage in 
run-off below diversion points are contributory bii minor factors in 
the phenomenon of occasional shrinkage of run-off. The absence of 
autumn rains in the seniiarid West seems to have little or no effect 
upon the amoimt of moisture necessary to prime the soil in the spring, 
and its effect even upon the winter run-off is not plainly discernible 
in the presence of other factors. Indeed, the effect of the heaviest 
snow covers in the Tahoe Basin, w^hich have a cumulative effect far 
in excess of rain, does not persist beyond October, or 4 months be 5 mnd 
its peak. This is due to the steep mountain slopes and a surface 
material sufficiently porous to permit a rapid run-off. Meadows 
and other retarding media are small in area as compared with the en¬ 
tire watershed, so that even the heavier rains are drained off before 
the wmiter has arrived. Moreover, the freezing of the surface soil, 
so effective on priming in the East, is enthely lacking, for the surface 
has been drained dry before the freezing temperatures of winter occur. 

The effect of subnormal snowfall in reducing the computed seasonal 
percentage of run-off may be obscui*ed by excess or deficienc}^ of 
precipitation during run-off, but it can be determined mathematically 
if the initial factors are known. Since the amoimt of moisture neces- 
saiy to prime mountain soil in seniiarid regions is practically unaffected 
by weather, and hence may be considered a fixed quantity for its 
particular basin, it becomes a factor of increasing importance as the 
snow’ cover falls below’ normal. For example, the normal snow cover 
of the Tahoe Basin estimated cpiantitatively by the method of areas 
is 22.7 inches wmter content and the amount of absorption in priming 
the soil theoretically determined is 8.6 inches, or 37.9 percent. This 
factor of absorption was obtained in the following manner. The 
actual mean rise of the lake to April 1 was 1.46 feet, and the mean 
rise after Apiil 1 wms 1.66 feet. Since the rise to April 1 is due largely 
to precipitation on the surface of the lake, it is safe to assume a pre¬ 
cipitation fully as great, and apparently 1.76 times greater on the land 
area that drains into it, judging from the relation of the precipitation 
around the edge of the lake to the average precipitation over the 
slopes above it (based on the relationship of 176.1 percent betw’een 
the snow at Ward Creek, elevation 7,000 feet, and Tahoe city). 
Furthermore, the land ai^ea is 1.5 times larger than the water surface, 
or, more exactly, 306.9 square miles to 192.7 square miles, thus mak¬ 
ing a total preponderance of 2.6 times. Therefore, if there w^ere no 
accretions from the w^atershed and no losses through evaporation, the 
absorption W’ouid be determined thus: 

(1.76X306.9) : 192.7 :: estimated mean rise : 1.46 feet. 

Estimated mean rise after April 1 due to melting snow 

(uncorrected for absorption)__ 

Actual mean rise_ 

Mam absorption_ 


4.09 feet. 

1.66 feet. 

2,43 feet=59.4 percent. 
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However, on the basis of the flow" of the neighboring West Fork of 
the Carson River above 5,600 feet, approximately 15 percent of the 
rise before April 1 can be attributed to run-off during the winter 
from the w^atershed, leaving 1.24 feet as the rise due to direct precipi¬ 
tation on the lake. On the other hand, the winter run-off causes 
some loss of snow" on the w-atershed. At the ratio of 2.64 (relative 
precipitation and area) to 1, this wmxfld amount, if distributed over 
the w^atershed, to 5.7 percent, w’hich should be still further decreased 
because the winter run-off is fed in part by autumn rains. Conse¬ 
quently, this loss may be regarded as negligible. 

Again, since the w^ater of the lake evaporates more rapidly than 
the snow on the w^atershed, a further correction should be applied to 
the lake level to restore the balance. For this an approximate factor 
of 3.5 inches or 0.29 foot is proposed for the period preceding April 1, 
and the same or a slightly larger factor for the period following it. 

The actual mean rise of the lake to April 1, as thus corrected for 
difference in evaporation, wmuld be 1.53 feet (=1.24 + 0.29), and the 
rise or run-off after April 1, 1.95 feet (=1.66+0.29). The absorption 
W"ould then appear thus: 

(1.76X306.9) : 192.7 :: estimated mean rise : 1.53 feet. 

Estimated mean rise (corrected for difference in evapo¬ 


ration but uncorrected for absorption)__4.29 feet. 

Mean actual rise (corrected for evaporation)_1.95 feet. 

Mean absorption_2.34 feet = 54.5 percent. 


The quantitative determination of the absorption is more difficult 
because of the lack of a quantitative normal for the w"atershed. How"- 
ever, the une.xpectedly close agreement betw^een the trial normals for 
1914-15 and 1915-16, the years under discussion, computed on the 
basis of the individual seasonal percentage of each, encourages their 
adoption as a satisfactory joint substitute. Table 4 gives the details. 


Table 4. —Forming a quantitative normal from, seawnai percentage 


j Average ! Seasonal ! Quantita- 
j water con- j jiereentage ' tiv'e normal 
j tent of i of snow I for snow 
1 snow cover i cover | cover 


i Inches { 
; 19.93 i 

i 34. j 


1914- 15. 

1915- 16. 


1 Inches 
88.2 I 2*2.60 

151.9 I 22.81 


Quantitative normal of snow field 




71 


On the basis of the foregoing quantitative normal, the mean quan¬ 
titative absorption, 54.5 percent of the snow field, amounts to 12,38 
inches. How^ever, since one-third of this amount has already entered 
the soil, especially on the low"er levels, by April 1, wdien the survey is 
made, the net mean absorption is estimated at only two-thirds of the 
foregoing amount, or 8.25 inches. 

The decrease in run-off with decrease in seasonal percentage of snow" 
for the Tahoe Basin is showm in table 5. 
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Table 5. — -Becwase in run-off with decrease in seasonal percentage of snow for 

Tahoe Basin 


i 

! 

Snow cover 

1 

Absorp¬ 

tion 

Run-off 

Decrease 
from 
snow 
cover of 
normal 
run-off 

Percent 

100 i______ 

Inches 
‘>2 7 

Inches 

8.0 

Inches 

14.1 

Percent 

100 

Percent 

.0 

75_ 

17.0 

8.6 

8.4 


15.5 

.50...... 

11.4 

8.6 

2.8 

19.9 

30,1 

25 

5.7 

S.6 

2 „2.9 

^ -20. 5 

2 -45. 5 




1 Normal. 

2 The minus sign indicates the entire absence of run-off, and the figures 2.9, 20.5, and 45.5 indicate the 
amount of deficiency. 


Shrinkage in the expected flow below diversions is similar in effect 
to subnormal snow, for not only is the ratio of decrease progressive, 
but the land is thirstier because of the general dryness of the season. 
In years of heavy precipitation the diversions tend to increase the 
seasonal percentage, as based upon the snow fields. One of the 
observations made in 1919-20 is shown in Table 6. 


Table 6 . —^Shrinkage in expected run-off below diversions for Carson Basin with 
Tahoe and Walker Basms as checks; April-July 1920 


1 

Basin 

Expected run-off 

Diver¬ 

sions 

Actual rim-ofl 

Dimi¬ 

nution 

from 

normal 

Normal 

Seasonal 1919-20 

1 

Amount 

Percent¬ 
age of 
normal 

Carson (Empire).. 

Tahoe.i 

West Walker. 

Acre-feet 

246/412 

1 1.66 
190,366 

Percent 
70.0 
50.2 
74. S 

Acre-feet 
172,488 ! 

I 0.83 ! 
142,394 

-dcrif« 

27,000 

None 

Small 

Acre-feet \ 
97,'496 

1 0.89 
164,100 

39.6 

53.6 
66.2 

Percent 

30.4 
3.4 

11.4 


1 Rise. 


This shrinkage is shown conspicuously in the variation in the 
ratio of the use of water in the Truckee Meadows with variations 
above and below normal in the stream. These meadows consist of 
approximately 35,000 acres of irrigated and swamp land around Reno, 
Nev., supplied by a normal April to July run-off of 350,000 acre-feet. 
During the 12 years from 1908 to 1919, the average variation at the 
gaging stations above and below all diversions in the Truckee River, 
wMch is the main source of supply, was as follows: (1) With run-off 
above normal, +8,676 acre-feet; (2) at normal, —2,668 acre-feet; (3) 
below normal, —55,760 acre-feet. In terms of the normal nm-off 
of this river the percentage of variation is +2.7 when the stream is 
above normal; — 0.8 percent when at normal; and —17.1 percent when 
below normal. The data are shown in table 7.^ 

* NOECROSS, G. a. water cost of IRRIGATIOSr, TEXJCKEE VALLEY, NEVADA. NeV. AgT. CoI. Ext. Bull. 
25:16, 1919. 
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Table 7. — Effect of diversions in Truckee Basin, Nev., April-July 
[Normal run-offs, 325,745 acre-feet 5] 

SEASONS ABOVE NOBMAL RUN-OFF 



I 

Run-off in acre-feet 


Year 

1 

Snow cover; 
percentage! ., q,.,. 
of normal ai 

i line (above 
! diversionsj 

1 

1 Average variations 


(Mow 1 
diversions) j 

! 

j 

Percent¬ 
age of 
normal 

i 

. . ..i 

Percent 1 Acre-feet \ 
m 1 600', 200 i 

176.4 1 789,000 ‘ 

142,1 i .544,442! 

148.9 : 473,8.50 ' 

Acre-feet 'Acre-feet 
.582,900 i-_. 



7m, 000 i.. 


1913-14 - . 1 

622,540 1 __ ! 


1915-16.-.-...-.---! 

452,780 !.j 



191,fr-17..T’.IIS.9 1 449,510 1 443,^50;.|. 

A verjjjre.... _ ___i..: 571,400 i 5SO, 070 ! -i-8,070 ; 4-2. 7 


SEASONS OF NORMAL RUN-OFF 


1909-10....... 

76). 7; m , 400; 337,700 

! 8)1.2 i ,34L6).5(J ! 361,870 

; 88.1 ; 349, SIS i 292.294 



1914-1.5.... 



1918-19. .. i 



Average. . . 

j 1 

-2,668 

-0,8 

L.3)13,289 ! 330,621 


SEASONS BELOW NORMAL RUN-OFF 


1907~S......... 

1911- 12. .... i 

1912- 13. . 

! {^) ' 

48.5 1 
.52.9 j 
2^9.6 ! 

1.1 

231,800 

200,400 

1 215,590 1 

253,548 I 

164,900 
1.36,300 j 
175,700 
201,400 

i ! 

1.!. 

1917-18.-.. 

.. j .. 

Average . 

I -55,760 1 -17.1 

1 

225,335 

169,575 


J Additional run-off from creeks flowing directly into the Truckee Meadows 22,000 acre-feet (estimated). 
Previous to establishment of snow survey. 

3 Though snow cover was nearly normal, the precipitation during mn-off was deficient 63 percent. 


The failure of the ratio to rise in seasons above normal as much as 
it falls in seasons below normal is evidently due to the relatively 
small draft made by the meadows upon the waters of the Truckee 
and auxiliary creeks, even when the stream is only at normal. Dis¬ 
crepancies in individual seasons, as in 1918-19, are rare and may be 
due to other factors, such as previous condition of soil moisture 
or variations in rate of evaporation. 

Most of the factors mentioned in the foregoing discussion are illus¬ 
trated in table 8, based upon 4 seasons of deficient precipitation 
during rim-off, Avith 6 check seasons of normal spring and summer 
rainfall. A lake and a river basin adjoining each other, and con¬ 
sequently exposed to similar weather conditions, are selected to show 
the divergence between the types. 

The dominant and consistent correlation is the precipitation, the 
river basin being less affected by extremes than the lake basin. The 
priming of the soil by autumn rains or winter run-off presents constant 
contradictions. The effect of the extremely subnormal years of 
1911-12 and 1912-13 is obscured by excess precipitation, and shrink¬ 
age below diA'ersions during these years does not appear, possibly 
also because of the summer rainfall. The data in this table are con- 
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firmed b}" tliose obtained in the season of 1919-20, immediately fol¬ 
lowing, ill which the forecast for was approximately 20 percent below 
normal, and the summer rains, except for two heary showers, were 
entirely lacking. The diminution in run-off seems to hare been as 
high as 30 percent. 

Table S .—Effect of weather upon seasonal run-off in seasons with and without 
abnormal shrinkage in run-off in Carson River and Tahoe Lake Basins, 

SEASONS OF ABNORMAL SHRINKAGE IN RUN-OFF (PERCENTAGE OF NORMAL) 

CARSON RIVER BASIN 




Priming of soil as 


Run-off 



shown by excess 

Excess and defi- 





and deficiency of 

ciency of pre- 




{ Water 

autumn rains 

cipitationand 



Y 

; content. 

and winter run- 

evaporation. 


Variation 


{ of snow 

off. 


Seasonal 

between 


j cover 



percent- 

snow 


1 



age 

co ver and 


; 

Autumn Winter 

Precipi- Evapo- 


run-off 


i 

i 

rains run-off 

tation ration 



I909-HL. 

..' 1S2.7 

4-165.41 4-38.31 

-29.2 . 

64.14 

-18.6 

1915-in_ 

.i 1151.9 

-69.55 4-49.59 

-70.4 . 

125. 71 

-26.2 

1917-18.. 

.96.4 

-25.19 -29.51 

-57.2 2+27.7 

3 61.31 

3 -35.1 

_ 

_ i OR S 

4-100.00 —44.52 

-0.8 2 +36.2 

66.58 

—30.2 

! 





SEASONS OF 

ABNORMAL SHRINKAGE IN RUN-OFF (PERCENTAGE OF NORMAL) 


TAHOE LAKE BASIN 



19<)CK0.. 

. 1 82.7 

-f140.18 * 4-38.31 

—86.9 -. 

61.45 

-21.2 

191.5-16. 

. 151.9 

—42.83 * 4-49.59 

—82.9 . 

99.40 

—52.5 

1917-18. 

. 95.0 

-71.96 1-29.51 

-63.0 -427.7 

53. 61 

-41.4 

1918-19. 

. 103.0 

4-113.69 1-44.52 

-63. 5 4-36.2 

5 72.89 

5 -30.1 


SEASONS WITHOUT ABNORMAL SHRINKAGE IN RUN-OFF (PERCENTAGE OF 
NORMAL) CARSON RIVER BASIN 


1910- 11. M70.4 

1911- 12. 149.7 

1912- 13.-. 158.2 

1913- 14.. 1153.8 

1914- 15. 18S.2 

191fM7. 1 115.6 


J 170.4 

-18.80 

4-7.36 

4-26.8 


176.70 

1 49.7 

-40.98 

-40.75 

4-51.0 


42.43 

1 58.2 

+22.18 

-57.30 

4-72.4 


57.18 

1 153.8 
^ 8S.2 

I 115.6 

1 

-16.92 
-48.50 
4-30.08 

4-S1.S9 
-17.35 
: 4-19.08 

i 

4-3.5 ! 
-.4 : 
+.4 

2 +6. 6 

162.95 
93.33 
128.65 


SEASONS WITHOUT ABNORMAL SHRINKAGE IN RUN-OFF (PERCENTAGE OF 
NORMAL) TAHOE LAKE BASIN 


1910-11. 

170.4 

—12.80 

<4-7.36 

4-3.27 


172. 29 

4-1.9 

1911-12. 

49.7 

—60.26 

* —40.75 

4-63.48 


64,46 

4-14.8 

1912-13.... 

58.2 

4-27.15 

< -57.30 

4-12.59 


69.28 

4-11.1 

1913-14.-..' 

153.8 

-6.80 

< 4-81.89 

-4.53 


150.60 ' 

-3.2 

1914-15... 

88.2 

-56.73 

4 -17.35 

4-11.84 ! 


89.76 i 

4-1.6 

1916-17.-. 

115.6 

-13.02 

*4-19.08 

-23.43 i 

2 +6.0 

125.90 

4-10.3 


1 Siibstituteci from Tahoe Basin because of lack of snow surveys. 

5 From floating pan at Tahoe City. 

3 At Clifton, 20 miles below Empire. Probable correction 5 percent; seasonal 66.31 and variation 30.1. 

^ Interpolated from Carson River. 

5 Maximum rise accelerated 3 weeks by high temperature. If corrected for evaporation to normal date 
of maximum elevation, July 7, seasonal percentage of run-off would be 60.89 and variation 42.1. 


APRIL PRECIPITATION 


The precipitation factor in table 8 is made more obvious by the 
preponderance of the April or April-May precipitation over the 
remaining precipitation in the seasons of 1913-14,1914-15, and 1916- 
17. Thus, in the Tahoe Basin in 1913-14, nearly two-thirds of the 
total precipitation during run-off fell in April; in 1916-17, more than 
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two-tliirds: and in 1914“15j although only 0.54 inch fell in Aprilj tliis 
was supplemented in May by 3.70 inches, the joint precipitation 
anioimting to ninety-fiye one hundredths of the total for tlie run-off 
period. 

In the Tahoe Basin the normal April precipitation (1.7S inches) is 
estimated at 10.6 percent and the May precipitation (1.60 inches i at 
9.5 percent of the normal winter snow coverj while the precipitation 
for June is only 2.7 percent and that for July 1 to 15 is negligible. 
Thus, in view of the continuous melting of the snow fields after Alarcli 
15 and the increasing area of exposed soil, the precipitation for April 
should indicate the probability of normality or shrinkage in the 
seasonal run-off. It is possible, however, that the l\lay precipitation 
at times may become the deciding factor, or that concentrated rain, as 
in 1919-20 may complete the monthly or seasonal normal and leave 
bright skies to accelerate the evaporation. But this latter effect is 
only partial as compared with total lack of rain. 

ACCELERATION OB' RUN-OBT 

Acceleration or even retardation of snow melting does not neces¬ 
sarily mean abnormal increase or decrease in the relative seasonal 
run-off, for the melting when once begun is almost continuous. 
Consequently, the soil has no opportunity to dry out, and the total 
variation in run-off is probably less than S percent. 

It is a striking fact that in all of the seasons of abnormal shrinkage 
in run-off showm in table 8 the seasonal temperature during run-off 
was from 0.7° to 4.2° F. in excess of normal. This temperature was 
2.5°, 0.7°, 3.0°, and 4.2° F. in excess for the seasons of 1909-10, 
1915-16, 1917-18, and 1918-19, respectively. Its principal effect 
was to run the moisture from the snow fields prematurely, without 
noticeably increasing the total seasonal flow. The percentage of 
normal run-off in the Carson Basin in 1918-19 was as follows: April, 
86.4; May, 115.2; June, 27.6; July, 4; April-July, 58.3, The excess 
in temperature at Reno, Nev., during April was 2.1°; May, 7.2°; rJime, 
1,8°; July, 5.7°; April-July, 4.2° F. The percentage of normal 
snow cover on April 1 was 98.6 and the variation between run-off and 
snow cover 30.2 percent below normal. 

Mthough the May flow is 16.6 percent above that of the snow 
cover, the June flow falls to a deficiency of 71 percent, while the 
July flow is negligible. The total seasonal loss of 30.2 percent, due 
to lack of rains, is so large that little compensation can have come 
from the accelerated melting, but it is possible that the increased 
ratio of shrinkage below diversions accompanying subnormal run-off 
may have clouded the result. 

LIGHT DENSITY OF LATE SNOWS 

That late mountain snows have a tendency to run off prematurely 
is not proved by data so far gathered. The fact is rather that these 
snows pass through a process of accelerated ripening as a result of the 
alternation of thawing and freezing that occurs normally in April 
above the elevation of 7,000 feet. For example, at Summit Station, 
CaHf., in 1917-18, the relative density of the snow field for its entire 
depth was only 36.6 percent on March 24, but on April 15 it had 
increased to 49".2 percent with a loss of only 3.3 inches above the cur¬ 
rent precipitation in a total snow cover of 32.8 inches. 
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It is true that snow of light density at the beginning of the time of 
melting, before losing its water, fails to attain the density of snow of 
higher initial density. But the maximum seasonal yariation in 
density for the Tahoe Basin as a whole is under 13 percent, and no 
marked effect from light densities appears in the run-off. This is 
shown in table 9 by the lack of correlation between deficiency in 
density ^ and the advancement of the month of maximum run-off or 
even of acceleration in the melting, which latter is due mainly to 
excess of temperature. 

Table 9. —-Lack of correlation between light density of snow cover and early 
maxinuim run-off in Carson River Basin, 1909-10 to 1915-16 


Snow- 


Excess i 
orde- ^ 
ficiency| 
In tern -1 


Year 


cover 


pera- 

in 

Excess 

ture 

Tahoe 

or de¬ 

from 

Basin 

ficiency 

Alarch 

(per¬ 

in 

to 

cent- ; 

i density 

month 

1 age of ! 

of snow’ 

of maxi¬ 

nor¬ 


mum 

mal) 


accel- 


eration 

inclu¬ 

sive 


Month (jf 
maximum 
run-off (nor¬ 
mal month, 
May) 


Percentage of monthly normal run-off to show ac¬ 
celeration 1 


March 


April 


May 


June 


July 


August 


1909- 10. 

1910- 11. 

1911- 12_ 

1912- ia. 

1913- 14. 

1914- 15_ 

1915- 16.1 


83.3 
167. 5 
49.9 


Percent 

•4-3.3 

4-2.4 

-9.5 


op 

4 -”. 5 
+.7 
- 1.2 


May. 

June. 

.do. 


134.43 
142.01 
37.0 


127.66 
135.63 
7.62 


58.3 

154.1 

88.4 

152.2 


- 8.2 

-hl2.2 

-5.2 

-h6.7 


4-. 6 
4-4.2 
4 - 2.0 
4-4.4 


I May. 

I .do. 

June. 

May_ 


44.35 57.09 

162.10 163.29 


71.40 95.23 

134.39 161.95 


74.54 
113.05 
52,78 
92.35 
178.65 
83.11 
121.58 


34.18 
236.24 
61.83 

36.26 
148.95 
108.69 
118.52 


19.01 
258.36 
12.61 
14,0 
156.06 
77.16 
101.40 


161.10 


141.37 


1 Ma.ximum accelerations shown in bold-faced type, 

CHARACTER OF STREAM BED 

An exception to the foregoing statements must be made in the case 
of the Humboldt Basin. Owing to the aUu^dal character of the stream 
bed and obstructions in the channel, an unusual amount of water is 
required for priming the river. This amount becomes excessive when 
the stream bed has become dry because of a preceding dry year. As 
liigh as 20 percent of the normal rim-off has been required for such 
priming, and in 1931-32 a correction of 30 percent was made for 
superdrTOess resulting from a succession of dry years. In the Hum¬ 
boldt Basin this factor is next in importance to precipitation during 
run-off. 


PREDICTING RUN-OFF FROM LARGE AREAS 

UNIFORMITY IN THE SNOW COVER 

Uniformity of the snow cover in adjoining basins is an important 
feature in making practicable the forecasting of run-off from large 
areas. This condition of uniformity is due to the fact that winter 
storms which build the snow cover on the mountains are usually 
wide-spread in their sweep and that the gradient of their intensity is 


* See, 'Cdi'anm 3, table 9. 
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Io\r and iiiiiforni for relatively wide distances. Tliis is partieiilarh" 
true of the “big storms*’ tliat often furnish tlie hulk of the winter 
precipitation. How'ever, in seasons of heaviest snow cover, tlie oscil¬ 
lation or variation between basins (as shown by river flow in table 10) 
appears at times^ but not uniformly, to be more accentuated than in 
seasons of normal or light snow cover. 

The similarity of snow cover in adjoining basins is indicated dis¬ 
tinctly by the snow surveys of 1017-20, as showTi in table 10; yet the 
last two basins, Carson and Walker, cover a joint distance of 95 miles. 

The gradient of seasonal percentage increased toward the south in 
1917-lS and 1910-20, but toward the north in the interveniug year. 
Tliis uniformity is not a local peculiarity, but lias been found also in 
the Wasatch Range, Utah. For example, the snow surveys of 
in the City Canyon and Big Cottonwood Canyon Creeks, conducted 
b,y the United States Weather Bureau and the engineering department 
of Salt Lake City, respectively, varied from each other during the 
entire period only 1.7 and 2.9 in seasonal percentage. The distance 
betw'een these basins is 14 miles. 

Table 10. —Similariiij of seasofial peircentage of xnou' conr in adjoining 

1917-18 to 1919-JU 


Percentapre of snow cover in inflieated basins, each 
being represenred by 1 central station 


Season ; i i ' 

Yuba ' Tahw i Carson W'alker 

I (.Summit ' (Rubicon j (Blue j (Center 

: station} Peaks i Lakes* | Mountaini 


1917- 18...-.-. ' 82. .5 i WJ) ; Wi4 . 

1918- 19.....! 107.11 195.5} 90.8; 97.0 

1919- 20,...I 71.0; 73.3 75.3! 88.2 


1 The avera,ge of the 3 crest stations, Ward Creek, Rubicon Peak, and Lake Lucile, is 104.7. 


Conditions in the Sierra Nevada Raxce 

To extend the study of uniformity of the snow cover beyond the 
present limit of the snow surveys, provisional recourse has been had 
to the run-off of such streams in the Sierra Nevada as were obviously 
dependent upon the snow cover. To reduce the streams to a common 
standard, the seasonal percentage of each in terms of its own normal 
was taken. Furthermore, to avoid all possible influences except that 
of the snow, the normals and seasonal percentages w^ere confined to 
April-fJiily. Finally, the streams w^ere grouped laterally and trans¬ 
versely along the range to determine the probable amount of oscilla¬ 
tion in the snow and the detailed snow" surveys necessary to detect it. 

Table 11 includes particularly the division by slopes. The w^estern 
slope is fully represented from the Klamath to the Kern. The eastern 
slope still lacks the minor basins of Honey Lake and Goose Lake in 
the north, for which no data are available. The foothill streams, 
being fed only to a minor extent by snow, are segregated from the 
rest. The primary peak of their flow occurs in midwinter, and only 
occasionally does their April-July run-off correspond closely with that 
that of the crest streams. 


13344—,35—2 
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If the run-off of the 15 crest streams on the western slope were repre¬ 
sented graphically, there would be a curve varying from end to end 
annually from 24!^9 to 299.4 percent. The latter represents the season 
of 1915-16, when the apparent snow cover increased from 98.3 percent 
in the upper Edamath Basin at the northern end of the range to 390.3 
percent in the Kern Basin at the far southern end, and disastrous 
floods occurred even at San Diego. 

If the slope is divided into thi*ee sections of approximately 150 miles 
each, the extreme annual variation in each would be somewhat re¬ 
duced: Northern Sierra section, 8.6 to 91.4 percent; central Sierra 
11.1 to 49.4 percent; southern Sierra, 9.7 to 259.0 percent, the latter 
occurring the year of the flood. If the upper Sacramento-McCloud 
and Kern Basins, situated at the extreme ends of the range, are treated 
as parts of new sections, the variations in the plateau section should 
be reduced to the extremes of 6.1 and 27.4 percent and in the southern 
Sierra sections to 2 and 57.9 percent. Finally, and of greatest impor¬ 
tance for forecasting, the individual percentages for several adjoining 
basins represent, with occasional exceptions, a fairly uniform curve of 
change, not only within the several sections but also overlapping from 
one section to another. 

Even closer uniformity exists on the eastern slope, if the rise of 
Lake Tahoe is corrected for excess and deficiency of precipitation 
upon its surface to make the run-off in its lake basin more comparable 
to that in river basins. The variation might be even smaller if cor¬ 
rections were made for evaporation and diversion of water in the 
Tahoe and Carson Basins respectively. 

Likewise, if a cross section of the two slopes is taken, a similar 
uniformity in the snow fields, with, occasional variation, is shown by 
the streams t^t head in a common summit but flow down the range 
in opposite directions. Unfortunately, all examples are confined as 
yet to the northern Siepa section. In the Triickee-Yuba Basins the 
extremes in annual variation are 3.7 and 36.1 percent; in the Tahoe- 
American 0.3 and 42.4 percent; in the Carson-Mokelumne Basins, 
2.3 and 49.2 percent; and in the West Walker-Tuolumne Basins, 
0.1 and 20.1 percent. In this last case, data are lacking for the year of 
probably maximum variation. Table 12 furnishes details of the 
records. 
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Table 12 .—Variation between run-off of streams on opposite slopes of Sierra 
Xeimda that have a common summit, for April-July periods, 1909-10 to 1918-19 


Percentage of normal run-oll for years indicated 


Section i 

1 

Basin j 

1909- 
1 10 

1910- 

11 

1911- 
12 i 

1912- 

13 

1913- 
14 j 

1914- 

15 

1915- 

10 

1910- 

17 

1917- 

18 

J91S- 

19 


' [Tahoe __ 

73. S5 

172. 29 

55.76 

07. OS 

151.00 

88.76 

111.20 

127. 40 

62. 61 

81.99 

North_ 

!|Yubru,,-.-. 

Ct). 07 

140.10 

: 56.5S 

08.10 

112.01 

117. 27 

111.87 

104.93 

47. 67 

70. 82 

,1 American . _ 

77. 58 

IS4.12 

56.20 

60.13 

109. 25 

124. 04 

110.88 

110.10 

53. 40 

70. 85 


(Maximum variat ion^ 

7.2 

28.2 

.8 

7.6 

42.4 

35.3 

.3 

22.5 

14.9 

11.2 


[Carson.. -J 

04.14 

170.70 

42.43 

57.18 

162.95 

93.33 

125.71 

128. 65 

3 61.31 

00. 58 


Mokelumne_ 

79.95 

lOS. 22 

53. 24 

51.84 

113. 75 

109.01 

123.28 

113.54 

63. 64 

75. 29 

Middle_ ' 

’Stanislaus_ 

71.31 

103.92 

49.80 

44.14 

105.16 

105.40 

110.32 

109.74 

60. 65 

01. 09 


iLMaximum varia- I 
[ tion.2 

' 15.8 

12.8 

10.8 

i 13.0 

57.8 

! 16.7 

15.4 

18.9 

2.3 

14.2 


[West Walker.! 

96.57 

150.581 

56.23 

50.96 


i 

119.98 

106.85 

81. 95 

70.34 

South. i 

•Tuolumne. . 

[Maximum varia¬ 
tion. ^ 

i 

70.491 
' 20.1 

150.661 
.1 i 

59.82 
3.6 

59.49 

8.5 

113.17 

105.65 

1 

102.33 
6.7 

107.95 

1.1 

73.12 
8.8 

67.21 

3.1 


1 Corrected for rainfall on surface of the lake. 

2 Bold-faced figures indicate variation between slopes. 

3 At Clifton, 20 miles below Empire, where measurements are usually taken; correction for diversion 
should probably be -|-5.0 percent. 

OSCILLATION IN THE SNOW COVER 

The second marked characteristic of the snow cover, as shown 
by the flow of the streams (table 11), is its occasional heavy oscillation 
along or across the range. A striking illustration of the former 
is the continuous and frequent zigzag in the seasonal percentage 
between the basins along the western side of the Sierra Nevada proper 
in 1910-11, when the maximum variation even within the individual 
sections was at its peak of 38.0 to 57.9 percent. Another illustration is 
the sudden upward sweep in the Kern Basin of 72 percent from the 
neighboring Kaweah Basin in 1913-14 and 239 percent in 1915-16. 

Oscillation across the range is illustrated by the diversity in the 
stream flow in the northern Sierra section in 1913-14 (table 12). 
Although the maximum oscilla.tion along the range, as measured on 
the western side, was only 18.3 percent, the oscillation across the axis 
in the four several groups of basins varied from 28.5 to 49.2 percent, 
the excess being imiformly on the eastern side. 

QUADRANGLES IN FORECASTING 

On the basis of stream flow, both uniformity and oscillation over 
the range can be detected and forecasted most accurately by dividing 
the range into a series of sections or quadrangles, the length of each 
according, theoretically, with the length of oscillation (fig. 6). But, 
practically, the quadrangle should be short enough to keep the normal 
oscillation within reasonable limits without regard to any overstepping 
from one section to the other. The width of the quadrangle should 
be sufficient to include all foothills above the elevation of 6,000 to 
8,000 feet on both sides of the crest, in order to furnish as long a 
transverse base line as possible. Crest stations with outposts on both 
sides should be maintained to reveal any deviation in the seasonal 
percentage either along or across the range. Each basin should be 
represented by one or more crest stations, the number depending 
upon the size of the basin or the reliability of the station 
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In the original California-Nevada cooperative snow survey, three 
quadrangles were tentatively formed. The oldest was the" central 
Sierra quadrangle, comprising the Honey, Tahoe, Carson, and Walker 
Basins on the eastern slope, and the Feather, Yuba, American, Moke- 


PiGURE 6.—Relief map of California and Nevada with quadrangles showing longest feasible units for fore¬ 
casting stream flow in Sierra Nevada and Great Basin ranges: A, northern Sierra quadrangle; B, central 
Sierra quadrangle; C, southern Sierra quadrangle; JD, Southern California quadrangle; Humboldt 
quadrangle. 

liimne; Stanislaus, Tuolumne, and Merced Basins on the western 
slope. Crest stations representative of the major portion of the quad¬ 
rangle were established, with outposts along the eastern side, four of 
the latter being on the crest of the Carson Range, which forms the 
eastern wall of the Tahoe Basin. On the western side, outpost stations 
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were established only in the Ynba Basin in the northwestern part of 

the quadrangle. ^ xi. 

The southern Sierra quadrangle included all crest basins troni the 
San Joaquin Basin to Tehachapi Pass, thus comprising the San 
Joaquiiij Kings, Ivaweah, and Kern Basins on the west and the long 
Owens Basin on the east. Special attention should be given to the 
surveys in the complex Kern Basin, which includes the long trough 
between the double crest of the high Sierra and the broad valley 
adjoining the Mojave Desert. The northern Sierra quadrangle com¬ 
prised the upper Klamath, McCloud, Pit, and upper Sacramento 
Basins on the west and the minor Goose Lake Basin on the east. 
The mountains are relatively low and without commanding crests, 
and outpost stations are difhcult to obtain. Moreover, the maximum 
flow of the streams occurs in February to May, instead of March to 
June and April to July as do the streams successively toward the 
south, but the curve oi flow is greatly flattened by the retarding 
effect of the lava field. However, the snow fields of Mount Shasta 
and Lassen peak, aided by seasonal catch gages on the floor of the 
basin, might prove to be a factor of considerable importance in helping 
to forecast the flow. 

Foothill Streams and Southern California 

The Cosumnes and Tide, the only foothill streams of major im¬ 
portance in the Sierra, resemble the northern Sierra streams in tlieir 
early run-off. However, their curve of flow is sharper and the neces¬ 
sity of early surveys and short forecasts is consequently greater. The 
western outpost station of the Mokelumne at Bear River Reservoir 
would serve as a crest station for the Cosumnes; and Plackett 
Meadows, selected as one of the western outposts for the Kawcah- 
Tole, would serve reasonably well as a crest station for the Tide. 
The only possible outpost stations for either would be precipitation 
stations equipped with catch gages. 

In southern California, where the ranges are comparatively low 
and the precipitation is light, many of the crest stations must depend 
upon catch gages for determining the total winter precipitation, and 
except in the case of underground flow, the forecast must often present 
the effect of individual storms, rather than the cumulative effect of 
the entire season. However, the presence of some high peaks, as in 
the San Gabriel Mountains, and the major importance of the sub¬ 
surface flow make the establishment of a fourth quadrangle, known as 
the Southern California quadrangle, desirable. 

In this quadrangle the seasonal water must be classified under two 
heads: (1) The amount available from snow fields and the precipita- 
tion that falls upon them, and (2) the amount available from rain or 
quickly melting snow. Since the priming loss from the first is far 
less than from the second, it follows that the net gain from the former 
IS far greater and should be given greater weight in estimating water 
resources. 

The net gain from the latter will naturally depend upon the heavi¬ 
ness of the precipitation and the previous dryness of the soil. The 
foregoing general plan is being carried out by the present California 
cooperative snow survey except that the local basin rather than the 
quadrangle constitutes the main unit. 
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INAUGURATING A SNOW SURVEY 

LOCATING THE SNOW-SURVEY COURSES 

^ In inaiig'iiratiiig the snow survey of a basin or drainage area, the 
initial steps should be to determine the chief tributaries of the draining 
stream and to locate snow-survey courses at points of major flow. In 
this way a large basin can be served with a minimum of effort. For 
example, the Humboldt Basin in Nevada (fig. 6) has a length of 350 
miles and a drainage area of 14,200 square miles above Hiiniboidt 
Lake, which receives its residual waters. But its run-off can be de¬ 
termined fairly well from four stations strategically placed in the 
Ruby and Charleston-Independence Mountains, these being parallel 
ranges 80 miles apart which furnish approximately 90 percent of the 
water of this basin. 

The supplies from these two ranges bear approximately the ratio 
of 3,2 in favor of the higher and more rugged Ruby Range. Of the 


i 



Eigure 7. —Ideal site for a snow course, Big: Meadows, eastern outpost snow course of the Truckee River 
basin. (Meadow is in middle distance.) 


feeders from the Charleston-Independence Ranges, Mary’s River and 
North Fork furnish 84 percent of the total run-off on that side, and 
of the three from the Ruby Mountains, Lamoille Creek and South 
Fork furnish 86 percent from their group. Furthermore, South Fork 
furnishes twice as much water as Lamoille Creek. On the basis of 
these observations, there shoxud be 4 groups of snow courses: 2 in the 
Ruby Range, 1 each along South Fork and Lamoille Creek, and 2 in 
the Charleston-Independence Ranges, along the headwaters of Mary’s 
River and North Fork. The courses planned for the larger streams 
in each group will serve probably for the smaller streams as well. 
An ideal coiu’se site is shown in figure 7, 

An example of another type is the Bow River Basin of Alberta, 
Canada, where the Canadian Meteorological Ser\dce inaugurated snow 
surveys in 1916-17. This basin is so alpine at its head in the Glacier 
National Park that a survey by the method of areas is physically 
impossible, and even a survey by the method of seasonal percentage 
is far from easy because of the difficulty of finding sites for stable 
courses. But an adjacent smaller basin of gentler contours has a 
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snow coyer closely representative of that in the larger basin. Conse¬ 
quently, the seasonal percentages in the smailer^ basin can be safely 
applied to the stream flow of the Bow River Basin also. 

In basins reaching far down from the crest of the range, crest and 
outpost stations should be established, the latter at a sufficient dis¬ 
tance from the former to give^ a fair average of seasonal percentage 
at the two extremes of the basins. 

Zoning 

Recent years of light precipitation and premature melting have 
driven forecasters inevitably to zoning. The outposts which seemed 
to provide an index of oscillation horizontally furnished no clue 
vertically even when early run-off was plainly manifest. 

The system of zoning or weighting depends upon the relative area 
in each" watershed between fixed elevations. The lower limit of 
elevation represents the altitude of the stream-gaging station or lake 
level, and the upper represents that of the crest of the watershed. 
Tlnee horizontal zones usually suffice. 

These zones can readily be laid out on a topographic sheet, avail¬ 
able for most watersheds, and their area determined by planimeter. 

Representative snow-survey courses are established in each zone, 
and the seasonal percentage of snow cover for each zone is determined 
in terms of its own normal. The average of these zonal percentages 
when weighted for the relative area of its own zone represents the 
weighted average for the basin. 

The drawback to this system is the present lack of snow-survey 
courses at lower levels, and the difficulty of finding a course at low 
levels that may not occasionally be bare at the time of surveys; for 
some index of snow cover must be had, however poor the season. 
Otherwise all definiteness is gone. Advantage is gained from using 
the system only when the zonal percentages differ from each other. 

Bridging 

In cases where funds are insufficient for surveying all the basins in 
a series, the method of bridging can be used with a fair degree of 
accuracy. This is merely using the average of the seasonal per¬ 
centage of flanking basins as representing the seasonal percentage of 
the basin intersituated. Thus in the Walker Basin, in which crest 
sno-w-survey courses are remote from habitations, preliminary esti¬ 
mates of snow cover are made March 1 by the simple expedient of 
using the average of the percentages at the crest stations in the Mono 
and Carson Basins, though distant 60 miles apart, and averaging this 
with the seasonal percentage of the eastern outpost of the Walker 
Basin, which is readily accessible. Thus the chance of oscillation 
from any direction is avoided. 

Occasionally, a final forecast has been made for the Carson Basin 
by simply averaging the forecasts for the Walker and Tahoe Basins, 
which flank it. 

DEVELOPING A NORMAL 

In the absence of a normal for either snow cover or run-off, a simple 
process is to obtain data for the current snow cover and stream flow 
and apply them provisionally as a standard to the data obtained 
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during the second and immediately succeeding years, until such time 
as a normal can be computed. Care should be taken to determine 
whether the run-off of this first or standard year has been abnormally 
affected by lack of normal precipitation or by other variable factors 
after melting began, for otherwise the resulting error would be per¬ 
petuated. 

If rainfall measurements in the basin are not available, use should 
be made of those nearest or most reliable, for lack of rain sufficient to 
cause extreme variation in the run-off will be a general rather than a 
local phenomenon. If a satisfactory normal for stream flow is 
already at hand, so that the seasonal percentage of the first year is 
definitely known, this percentage can be considered as that of the 
snow cover also, provided no abnormal shrinkage has occurred in the 
former. From this percentage, the normal of the snow cover can be 
obtained at once. 

A capital example of such pioneering is furnished by the experience 
of 1919-20 in the Humboldt Basin. The courses were 1 year old 
and some melting had occurred before the original measurements 
could be made. Furthermore, the succeeding stream flow, measured 
by the United States Geological Survey, had not been„ announced. 
On the assumption that the melting was 3 inches of water (based on 
observations in the Sierra Nevada), the original measurements were 
increased by this amount and were then used as a standard of com¬ 
parison. On this basis, the snow cover of the season of 1919-20 was 
found to be 76 percent of that of the preceding season. On the other 
hand, there had been a probable shrinkage of 25 percent in run-off the 
preceding season due to general lack of precipitation, which might 
not occur in the present season. Consequently, a forecast of stream 
flow approximately equal to that of the preceding season was made, 
but owing to weather conditions this was reduced in the May forecast 
to 91 percent. 

Although no definite statement of the acre-feet available could be 
made, the comparison with conditions in the previous season was even 
more comprehensible to the irrigationist, who still had a vivid recollec¬ 
tion of its dryness. Later, the stream flow for 1918-19 (April to 
July) was announced as 115,690 acre-feet, or 49.6 percent of normal. 
The estimate for 1919-20 was immediately changed to 45.1 percent or 
105,278 acre-feet. The actual run-off was 105,950 acre-feet, or 45.4 
percent. However, this apparent closeness may be merely deception, 
for the gaging station is below diversions. 

A provisional normal may be based on as few as three seasons^ 
measurements, provided the seasons are complementary. Thus, in 
the Tahoe Basin the seasons 1909-10 to 1911-12 and 1912-13 to 
1914-15 consisted of a heavy, an average, and a light snowfall each, 
and their normals for crest and eastern outpost stations, measured 
in inches of water, bear a close resemblance to each other and to the 
6 -year normal. (The figures, in inches, for the crest were 45.09 
and 42.99 for the respective 3-year periods 1909-10 to 1912 and 1912™ 
13 to 1914-15, and 44.04 for the 6-year period 1909-10 to 1914-15; 
those for the eastern outpost for the same periods were, respectively, 
26.14, 27.02, and 26.56.) This rare occurrence has not been repeated 
and only recently has the average of the snow covers since 1915 
approached normal. 
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Years of very excessive snow cover or run-off should be oimtfced 
in forming a normal unless the normal is based upon records lor a 
very large niuiiber of years. Otherwise the “reasonable expectation 
will be set too high and chronically subnormal years will result, h or 
this reason, in all computations made in the Sierra Nevada surveys, 
seasons above 200 percent have been omitted temporarily. Such high 
records include the rise of 225 percent in Lake Tahoe in 1906-“07 and 
the tremendous flows in the Kern River of 345.4, 302.7, and 390.3 
percent in 1905-06, 1908-09, and 1915-16, respectively. 

Revised Parallel Normals 

Where possible, the normal for snow cover and its run-off should 
be based on the same period of years, and that period should be 
reasonably long. A normal of 24 years has been computed for 
the run-off of the Truckee Basin, and the various normals for snow 
cover there have been expanded to correspond. This normal could 
have been lengthened still further by including the dry years since 
1928, but it was feared that the normal for run-off would thereby 
be depressed too much. However, comparison with a 41-year record 
in the Yuba Basin and plwsical evidence of low lake levels at an 
earlier period in Eagle Lake not far north indicate that such would 
probably not be the case.*'" 

This 24-year normal of run-off in the Truckee Basin was further 
used as a standard for expanding the normals for both run-off and 
snow cover in neighboring basins. 

A 24-year normal was likewise computed for run-off in the Hum¬ 
boldt Basin, but owing to the effects of diversion, and also probably 
to the spotted character of desert precipitation, it did not make a 
satisfactory standard for expanding the normals in its tributaries. 

SPRING AND SUMMER PRECIPITATION STATIONS 

In each basin, precipitation gages sheltered from the wind and of 
sufficient capacity to catch either snow or rain should be centrally 
located to determine the average precipitation over its area during 
the period of melting and late summer and autumn run-off. A gage 
at a central settlement mil usually suffice, but occasionally a seasonal 
gage set farther into the basin will be more satisfactory. 

FORECASTS 

Three forecasts of run-off each season will meet all ordinary needs, 
except when reservoirs are used for the dual purpose of flood catch¬ 
ment and irrigation storage. Then surveys and forecasts should 
begin with the first heavy snowfall and continue at intervals through¬ 
out the season. The first forecast is made early in April and repre¬ 
sents merely the seasonal percentage of the snow cover at its maximum 
stage before melting has set in. The second is made early in May, 
when the probable effect of weather on the run-off can be anticipated 
md the estimate of probable run-off corrected for abnormal shrinkage. 
The third is made early m June, when the run-off of April and May 
rarnishes a clue to the balance available. 

CHANGES IN LAKE LEVELS IN THE GKEAT BASIN AREA. . . . Civil Eng. 87-90, lllUSi 
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Such forecasts will be requisite to the necessary control of the 
Truckee River under the new plan of additional storage and careful 
regulation being formed to serve divergent interests below. 

^ The snow surveys made early in May and in June indicate the rela¬ 
tive aniount of snow still unmelted, and when a normal for melting 
has ultimately been obtained these surveys will furnish a check on 
the forecasts. These later surveys need be made at only a few 
central stations, but the courses should preferably be on level ground 
to indicate average conditions of melting at their altitude. 

Temperature has such an immediate effect upon the run-off that 
it is always a disturbing factor in attempts to forecast the rate of 
run-off for any considerable period. In the case of reservoirs and 
lakes whose normal decrease from maximum stage due to evapora¬ 
tion is knowm, forecasts of available wmter for irrigation and powder 
can be made with fair certainty until autumn, wiien the new season’s 
storms begin. 

ACCURACY OF SNOW SURVEYS AND FORECASTS OF STREAM FLOVT 

The following summary of the accuracy of 63 snow^ surveys and 
forecasts corrected May 15 for probable departure in precipitation 
during run-off indicates that twn-thirds were within 10 percent of 
accuracy and almost four-fifths within 15 percent. This result wnis 
attained with old normals. Of the 6 basins included in the sum¬ 
mary, one was a lake basin, another w^as affected by large diversions 
above the point of gaging, a third lacked outpost stations. Zoning 
was employed only in the more recent years of the series. The accu¬ 
racy of the forecasts—that is, the variation between forecasts and 
actual run-off in percentage of normal run-off—is shown for various 


percentage classes in the following tabulation: 

Number of 

Accuracy -within following percentage based on normal run-off: forecads 

0 to 5 percent_ 27 

5 to 10 percent_ 14 

10 to 15 percent_ 7 

15 to 20 percent_ 6 

20 to 25 percent_ 5 

25 to 30 percent_- —-- 3 

30 to 35 percent_ 1 

Total_ 63 


ORGANIZED EFFORT ESSENTIAL 

Single-basin surveying is sometimes imavoidable, but larger public 
service with increased accuracy and relatively decreased expense 
can be rendered by wide-area surveying with a central agency direct¬ 
ing the work. In this way overlapping can be avoided. Further¬ 
more, early knowledge of the latent wrater resources of the range 
would permit power companies in deficient basins to make adjust¬ 
ments by ^Hying-in” with their more fortunate associates. 

Where watersheds cover two or more States, cooperative snow^ 
surveying is essential either by the Federal Government or by the 
States. Such watersheds are the Sierra Nevada series and the 
Colorado and Columbia Basins. Water districts, power companies, 
and municipalities should be included in the cooperation to obtain 
understanding and cooperation from the pubhc. 
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COST OF SNOW SURVEYS 


The cost of surveying a basin depends upon the number of its course 
and their accessibility. In the Tahoe Basin, the control’^ basin of 
the central Sierra section, with its seven stations and a circniit from 
Reno of approximately 320 miles by train, automobile, ski, sledge, and 
motorboat, the April survey requires the equivalent of 13 days by a 
party of two persons, or proportionately less by the three parties that 
usually do the work. In the Yuba and Carson Basins, 4 to 6 days ju‘c 
requhed. But in the Walker Basin 10 days of strenuous effort and 
110 miles of snowshoeing are necessary to cover the two forks and 
reach the almost inaccessible crest stations between the Walker and 
Tuolumne Rivers. Surveys on May 1, because of their small number. 



Figure 8. Refuge hut on slope of Mount Rose at an altitude of 9,000 feet; headquarters of the snow surveys 

on Mount Rose. ^ 


\'problem is to penetrate tbe higher basins of the Sierra 

determination of their snow 
co\er To accomplish this chains of refuge huts a day's march aufirt 
must be constructed and provisioned. The only requ “eSent ?s a 
pr^unary winter reconnaissance to find sites where^ the snow lies 
mSl-S 1 ^? permt entering the huts without effort. To 

** problem simpler, a '-Santa Claus chimney” may be 

11° expense of the actual surveys must be added the initial cost 
traveling equipment, this cost dependine on 
P®^des m the field. The sum of $15,000 was^sugo-efted 
as the annual expense for conducting the entire sysC of surveys 
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throughout the Sierra Nevada. By means of contributions from co- 
operators, the legislative appropriations are being kept within this 
limit, 

LIMITATIONS 

The snow surveys are limited in accuracy corresponding to the in¬ 
crease in the relative precipitation during run-off. Since this relative 
precipitation is least on the Pacific coast and increases steadily to the 
Contmental Divide, the parallelism of the snow cover and run-off 
likewise diminishes toward the east. Thus the ratio of precipitation 
during run-off (April-July) to the snow cover or precipitation during 
November-March varies from 18.2 percent in the Sierra Nevada to 
85.7 percent in the Continental Divide and 238.2 percent in the Great 
Plains at Denver. This disparity with coast conditions persists in 
Montana ” and is even greater in Canada, where the percentage 
reaches 284.9 percent at Calgary. 

However, since the snow cover during melting has the character of 
continuous precipitation, its effectiveness far exceeds that of a similar 
quantity of occasional rains, which are partly wasted in repriming the 



19)0-11 l2ilE-13 1914-15 1916-17 1918-19 1920-21 1922-23 1924-25 1926-27 1928-29 1930-31 1932-33 

Figure ‘J.—Comparison of snow cover and run-off, Truckee River Basin, exclusive of Lake Tahoe, 1912-13 

to 1933-34 

soil. Thus the percentage of loss in run-off due to complete lack of 
normal summer precipitation 'will probably range from 16 percent in 
the Sierra Nevada to approximately 30 percent on the Continental 
Divide. In the Plains region, the loss may vary from 75 to 90 percent. 

Figures 9 and 10 show the degree of steadiness between the snow 
cover and the run-off xmder ideal conditions of heavy snow cover, 
shallow stream bed, and relatively light summer precipitation, and the 
difficult conditions of light snow cover, alluvial stream channel, and 
relatively heavy summer precipitation. But even in the latter case, 
the analysis of the affecting factors has brought a fair degree of ac¬ 
curacy in forecasting. 

SNOW SURVEYING IN PRACTICE 

The simple principles already outlined form only a part of the prob¬ 
lem of snow surveying, for the requirements are frequently complex. 

7 The ratio of November through March precipitation to that of April through August is as follows: 
Billings, 1:2.76; Havre, 1:3; Helena, 1:2; Miles City, 1:2.7. 
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Therefore, adjustnients and experimentation are essential in each 
phase of the work. A simple enumeration of the problems already 
oiicoiiiitGrcd ^ opens si wide fi6ld, ©v©!! tiioiigh. uses otli6i th-ftn loi 
forecasting stream flow are omitted. Of these problems one was a 
forecast of how often Lake Tahoe wmtfld fall below its outlet during 
the next 50 rears under present regulation. Another was an estimate 
as to how long it would require Lake Tahoe to regain its normal level 
if artificially drawn dowm. A third was an estimate as to the probable 
normal run-off of the East Walker River, Nev., for which only 2 years 
of record existed. A fourth was the probable run-off high up on the 
West Walker based upon the run-off much farther down the stream. 
A fifth was the relation of run-ofif to precipitation on the Continental 
Divide.® 

Special snow-survey systems have also been worked out for the 
Klamath and Tule Basins in Oregon and California, for the Coeur 
d’Alene in Idaho-Washington, and for the Bow in Canada. The 
first basin was typical of streams flowing from a dry to a wet zone. 
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Figure 10.—Comparison of snow cover and run-off, upper Humboldt Basin, 1910-11 to 1933-34. 


The second represented a dry lake bed that could easily be flooded. 
The thii’d was a basin whose storage was small as compared with its 
total discharge, and consequently required careful forecasting to con¬ 
serve late waters without overflowing the reservoir. The fourth 
represented nm-off from snow and summer rains in about equally 
effective quantities. Its source was so rugged that parallel and less 
rugged watersheds had to be sought for the snow surveys. 

At the present time, a cooperative effort is being made to improve 
forecasting in the Humboldt Basin, Nev.,^^ where scant snow cover, 
relatively heavy precipitation during run-off, numerous diversions 
above gaging stations, alluvial stream bed, tortuous channel, and 
tight dams create obstacles for the forecaster. The universality of 
the problem makes this basin an ideal laboratory for the study of 
snow 'surveying. 


CauKCH, n E., SmnSf E, H, precipitation and run-off at the continental divide. Engin. 
Ivews-Kee. 94:190-95. ruiscussion by H. P. Boardman, p. 195.) 

» Chcech, J, E. SNOW survey problems in the HUMBOLDT BASIN, NEVADA. Reprinted from state 
Engineers Report, 1932, Distribution in the Humboldt Basin. 
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FORECAST SYSTEMS FOR THE COLORADO AND COLUMBIA 
RIVER BASINS 

The following analysis of the Colorado and Columbia Eirer Basins 
has been made as a basis for the snow-survey systems that have now 
become essential for their regulation. 

COLORADO RIVER BASIN 

The Columbia and the Colorado together drain the entire western 
slope of the Rocky Mountains from New Mexico into Canada (a 
distance of approximately 1,300 miles) and furnish an annual water 
flow of approximately 169,000,000 acre-feet at the ratio of 9:1. The 
Colorado has a run-off of 17,500,000 acre-feet—a large run-off, but 
relatively small when compared with that of the Columbia. 

Of the two projects, the forecasting of the Colorado is more press¬ 
ing because of the approaching completion of the Boulder Canj^on 
Dam. This project is also far simpler, for unlike the Columbia, the 
Colorado, with the negligible exception of the Gila, rises entirel}"" in 
the highlands of the Continental Divide and receives practical^ no 
additions toward its mouth. Thus the area of 225,000 square miles 
above Yuma, Ariz., is reduced for forecast purposes by about one-half, 
and the crest line of 760 miles is reduced to 550 miles. Furthermore, 
3 tributaries—the Green, the Grand, or upper Colorado, and the San 
Juan—furnish 87.1 percent of the mean annual rim-off at Yuma of 
17,500,000 acre-feet; that is, about 15,000,000 acre-feet. Of the 
15,000,000 acre-feet thus furnished, 2 of these 3 tributaries or feeders, 
the Green and the Grand, or upper Colorado, furnish 12,500,000 acre- 
feet, or practically 82 percent. In other words, the Green and the 
Grand or upper Colorado, furnish 71 percent of the entire flow at 
Yuma. The mean rim-off of these streams as computed in 1921 is 
as follows: 

Acre-feet 


Green River_'___ 5, 800, 000 

Grand, or upper Colorado_ 6, 600, 000 

San Juan_ 2, 700, 000 


Since the San Juan is highly erratic in its run-oft‘ and very important 
in the early season operations of the Boulder Canyon reservoir, all 
three tributaries should be included in any detailed plan of snow 
surveying. There will thus be included the watershed crest from 
the Colorado-New Mexico line almost to Y^ellowstone Park and 
then southwesterly to central Utah. Hence, of the seven States 
immediately interested in the Colorado River—Wyoming, Colorado, 
Utah, New Mexico, Arizona, Nevada, and California—only Wyoming, 
Colorado, and Utah contain the primary and essential snow-survey 
courses. Simpler still, the joint forecast for these three tributaries 
will become the forecast for the main Colorado below. Precipitation 
in the semiarid region below the tributaries can have no more than 
a minor effect. 

Unlike the Columbia, the Colorado has far more irrigable land 
tributary to it than it can serve. Consequently, close regulation 
of this stream will be essential in order to guard against floods and 
yet give maximum service to irrigation and power. To accomplish 
this, a snow-survey system should be begun immediately and de¬ 
veloped to highest efficiency as the maximum use of the stream 
draws near. 
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COLUMBIA RIVER BASIN 

The mean annual run-off of the Columbia at The Dalles is approxi¬ 
mately 151,500,000 acre-feet. This tremendous flow of the Columbia 
is furnished by three principal tributaries—the upper Columbia with 
the Kootenay (50,000,000 acre-feet), the Clark Fork-Pen,d Oreille 
(19,000,000 acre-feet), and the Snake (45,000,000 acre-feet). The 
combined system covers with a more or less complete network the 
entire aridregion of Idaho, Oregon, and Washington, and thus 
guarantees to these States a permanent foundation for agricultural 
and power development. The chief problem, especially downstream, 
will be the lifting of water to the highlands, and its solution may 
be the pownr ability of the stream itself. 

The three tributaries mentioned (the upper Columbia, Kootenay; 
the Clark Fork-Pend Oreille; and the Snake) supply 77 percent, 
or about 117,000,000 acre-feet, of the total annual flow of the 
Columbia at The Dalles, and their individual basins are so large 
and their flow so abundant that at least two of them have become 
centers for a series of great reclamation projects. Of th^ tributaries, 
the Spokane has long been the source of interstate po\^er. 

The problem of forecasting the April to July run-off of the Colum¬ 
bia is virtually the problem of forecasting the run-off of its individual 
feeders, for the interests served are on the tributaries rather than on 
the main stream. However, the collective forecast foi* the feeders 
would represent the forecast for the main stream. This is shown by 
the record of 1913 to 1921. During that period the maximum annual 
variation between the collective run-off of the major feeders and the 
run-off of the main stream at The Dalles was within 7 percent; and 
the maximum variation for April to July was within 11 percent, 
although divergences of 20 to 35 percent frequently occur between 
the tributaries themselves. On the basis of fragmentary records, a 
similar closeness of agreement prevailed throughout the preceding 
decade. However, forecasting for even the individual feeders is far 
more complex than on the Colorado. Precipitation during April to 
July grows relatively heavier with increase in distance from the Pacific 
coast, and the snow cover on the upper Columbia watershed melts 
slowly during this period, thus catching and ultimately transmitting 
to the stream the bulk of the precipitation. Therefore, the snow 
cover on April 1 represents the minimum rather than the probable 
flow of the stream. 

The lower Columbia drains the Cascade and Coast Ranges, which 
are here of low elevation and transmit the bulk of their snow imme¬ 
diately to the streams. For instance, 57 percent of the run-off of the 
Willamette occurs in December to March and 27 percent in April to 
July, Furthermore, the precipitation on the Willamette watershed 

relatively light during April to July and adds little to the summer 
flow in the lower Columbia. On the other hand, the flow of the 
Columbia above The Dalles is only 17 percent in December to March 
md 61 percent in April to July. Consequently, the upper and lower 
Columbia are complementary to each other. Whatever late spring 
and summer rise occurs in the Columbia will be due to the snow on 
the Contmental Divide. On the other hand, except for the influence 
of the Chinook, the high water in winter should be due to heavy pre¬ 
cipitation in the Cascade and Coast Ranges and should occur mainly 
in the lower Columbia and its immediate tributaries. 
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SUMMARY 

Snow, while falling, is the plaything of wind currents and so resists 
exact measurement as precipitation. Consequently, it cannot satis¬ 
factorily be measured as is rain in a catch gage. On the other hand, 
after falling, snow is an elastic substance that cannot be measured in 
terms of depth only as is rain. To meet these two problems a snow 
sampler was devised that wmuld quicldy measure not only the depth 
of the snow but its water content as w^ell. 

However, in the semiarid West streams are fed almost entirely by 
snow fields, and the water must be carefully apportioned. Even if 
it were possible to determine the exact quantity of water in the snow 
field or the net amount that would ultimately reach the stream 
draining it, it would not be feasible to do so. 

Recourse was therefore had to the percentage system of forecasting, 
for it was found that the relative snow cover^^throughout a basin was 
the same wherever measured provided neither drifting nor melting 
had occurred. To avoid the errors that might aidse from drifting, 
long courses wdth 25 to 50 samplings w'ere employed, and the average 
was taken as indicating the snow at that point. Jvlelting was rare 
and was met by a system of altitude zones. It was now merely 
necessary to maintain a single fixed course in each zone to determine 
the relative amount of snow in the basin. Frequently, if melting 
had not occurred, a single course would serve all zones. Tliis course, 
if averaged for a fair number of years, would give a normal” or 
^^mean” water content by which to estimate the percentage relation¬ 
ship of coming seasons. This percentage w'as obtained hj dividing 
the new snow cover by the mean snow cover; that is, by the average 
of all the snow covers preceding. 

This percentage relationship w’-as found to correspond closely to a 
similar percentage relationship of run-off in the stream below into 
which the snow field was discharging. Thus a 75-percent snow cover 
on April 1 assured an approximately 75-percent run-off during the 
months of April through July, after which the streams rapidly run 
dry. The only divergence found w^as caused b}^ lack of the precipi¬ 
tation that normally falls during the run-off season. This, however, 
can be fairly well estimated after the first 6 weeks, and corresponding 
corrections made in the estimate. 

So uniform is the snow cover for great distances along the axis of 
the Sierra Nevada, that usually variations of less than 20 percent 
occur over distances of 100 miles. Thus the run-off forecast for one 
stream can be applied also to its neighbor and even to its neighbor’s 
neighbor, and likewise to streams on opposite sides of the crest. 

Accuracy within 10 percent in the forecast is usually possible. 
Even in the case of a single group of snow courses at Summit Station 
at the crest of the Truckee Basin in the Sierra Nevada, the diver¬ 
gence between snow cover and run-off in 12 years out of 17 was less 
than 10 percent. 

A larger comparison under difficult conditions indicates similar 
accuracy. In 63 forecasts for the Truckee, Tahoe, Carson, West 
Walker,' south Yuba, and Mokelumne Basins, covering 19 years, 
41, or practically two-thirds, were within 10 percent of accuracy, 
and all were within 31 percent. Twenty-seven, or nearly one-half, 
were within 5 percent. This system is knovm as the percentage, or 
Nevada, system. 
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Snow siiryeys are limited in accuracy in proportion to the increase 
in the relative precipitation during run-off. Since this relative 
precipitation is smallest on the Pacific coast and increases steadily to 
the Continental Divide, the parallelism of the snow cover and run-off 
likewise diminishes toward the east. Thus the ratio of precipitation 
during run-off (April through July) to the snow cover or precipitation 
during November through March varies from 18.2 percent in the Sierra 
Nevada to 85.7 percent in the Continental Divide and 238.2 percent 
in the Creat Plains at Denver. This disparity with coast conditions 
persists in Montana and is even greater in Canada, wiiere the per¬ 
centage reaches 284.9 percent at Calgary. 

How^ever, since the snow cover during melting has the character of 
continuous precipitation, its effectiveness far exceeds that of a similar 
quantity of occasional rains, which are partially wasted in repriming 
the soil. Thus the loss in run-off* due to complete lack of normal 
summer precipitation will probably range from 16 percent of normal 
run-off* in the Sierra Nevada to approximately 30 percent on the 
Continental Divide. In the Plains region, the loss may vary from 
75 to 90 percent. 

Notwithstanding its limitations, snow surveying is valuable in 
forecasting the minimum run-off* from a w^atershed. Such is its pur¬ 
pose where the snow cover is regarded merely as a supplement to 
groiind-w^ater storage and summer rains. 



NEMIC PARASITES AND ASSOCIATES OF THE MOUN¬ 
TAIN PINE BEETLE (DENDROCTONUS MONTICOLAE) 
IN UTAH 1 

By Geeald Thoene - 

Associate neinatologist, Division of Nematology, Bureau of Plant Industry, United 
States Department of Agriculture 

INTRODUCTION 

The mountain pine beetle (Dendroctonus monticolae Hopk.) has 
been known for many years in the lodgepole pine belts of Utah. In 
1929 outbreaks of this pest, affecting many thousands of trees, began 
in widely separated localities. 

The most serious outbreaks were on Blacks Fork, Horse Creek, 
and Smiths Fork, near the Utah-Wyoming line in Summit County, 
Utah, and Uinta County, Wyo. Another severe infestation devel¬ 
oped in the upper Provo River Basin east of Kamas, Utah, between 
Shingle Creek and Broadhead IMeadows. These outbreaks spread 
rapidly from the original centers of infestation during the years 1930 
to 1932. At the end of this time they were cheeked by a control 
program inaugurated by the Forest Service, United States Department 
of Agriculture, which consisted of surveying the areas and burning 
the infested trees. In the course of this work the nenias described in 
this paper were collected. 


HISTORICAL REVIEW 


A small outbreak of the mountain pine beetle on lodgepole pine 
(Pinus contorta'''IjOiidoxi) occurred on Henrys Fork, Summit County, 
Utah, in 1924-25. This outbreak apparently was diminishing when 
control measures were applied and the beetles were practically eradi¬ 
cated. A similar outbreak on Rock Creek, Duchesne County, Utah, 
about 1915 to 1917 was reduced by unknown natural agencies. 

Evidences of previous outbreaks are present in certain localities. 
''Cat-faced'' (scarred) trees with pitch-preserved beetle borings are 
numerous in the Heniys Fork territory, and the annual rings show 
that the outbreak occuiTed between 1870 and 1880. In the Horse 
Creek territory there is similar evidence of an outbreak about 150 
years ago.^ The rarity of such outbreaks in this locality indicates 
that climatic conditions, diseases, or ppasites have generally effected 
sufficient control to hold the beetles in an endemic stage and that, 
unlike conditions which exist in lodgepole pine forests in Idaho and 
Alontana, only occasionally are conditions favorable for serious out¬ 
breaks, The studies herein presented show that nemic parasitism 
was negligible during the outbreak imder discussion. 

Published information on the nemic parasites and associates of 
the mountain pine beetle is lunited to a recent paper by Steiner^ in 


1 Received for publication Mar, 30,1935; issued September 1935. . ^ 

2 The writer is indebted to A. G. Nord, supervisor, and Blaine Betenson, ^^istant sui^ryiso^^^^ 
Wasatch National Forest, Utah, who suggested this problem and secured much of the material through 
the forest rangers under their direction. 

< ?TmNEE,’G? SOME ^SrcTiSarrEs and assocutes of the mountain pine beetle (dendroctonus 
monticolae). Jour. Agr. Research 45; 437-444, Ulus. 1932. __ 
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wliicli t]ir66 tissociiit6 spBcieSj Diplogastev occidentalis Stsincr^ A]}hel~ 
enchokles conurus Steiner, and A. acroposthion Steiner were described 
from Idaho. 

NEMAS COLLECTED 

Collections of larvae and adult beetles, together with bark from 
infested trees, were secured from four localities in Utah, namely. Blacks 
Fork, Horse Creek, Smiths Fork, and the upper Provo Eiver Basin. 
Ten species of nemas, 9 of them new to science, were secured from 
this material. The distribution of these species is given in table 1. 

Table 1 .— Dint rib uHon of 10 species of nemas, including 9 neio species, found in 

4 localities in Utah 


Distribution i of species in locality 
indicated 


Species of nema 

1 



XJ pper 


Blacks 

Horse 

Smiths 

Provo 


Fork 

Creek 

Fork 

River 





Basin 

Aphelenchulus reversus, n. sp. 

Angidllulina pinophila, n. sp....... 

+ 

+ 

4- 

+ 

-h 

+ 

4- 

4- 

Anguillulina magnicauda, n. sp. 

— 

4- 

— 

— 

Aphelenchoides brachycephalus, n. sp. 

+ 

+ 

— 

4- 

Aphelenchoides talaiius, n. sp...... 

+ 

+ ! 

-4- 


Aphelenchoides te.nuidens, n. sp. 

4- 

4- 

4- 

-4 

Aphelenchoides latus, n. sp. 

+ 

+ 

— 

-4 

Pamgrodonius dentatus, n. g., n. sp.. 

+ 

-f 

4- 

+ 

Diplogaster pinkola, n. sp... 

4- 

+ 


-4 

Phabditis obtusa Fuchs, 1915_____ 


“ 

" 

-4 


1 Plus (+) sign indicates presence; minus (—) sign, absence. 


Samples of bark from 20 uninfested trees adjacent to those infested 
with beetles were also examined. The fact that not one species of the 
nemas associated with the beetles w^as found in these samples indicated 
that the nemas might be dependent upon the beetles for transportation 
from tree to tree and for providing suitable living quarters. 

NEMIC ENDOPARASITE OF THE MOUNTAIN PINE BEETLE 

A single endoparasitic species belonging to the genus Aphelenchulus 
was found in every locality investigated. About 2 percent of both 
adults and grubs of the beetle were each infested with 1 to 11 female 
nemas and, in some instances, scores of eggs, larvae, and immature 
females. This genus previously has been represented by a single 
species, A. mollis Cobb, 1920,^ a parasite of the wood-boring beetle, 
Cyllene pida Drury. 


APHELENCHULUS REVERSUS, N. SP. 

Eggs .— Deposited before segmentation. Size variable, 30ju by 60 m to 42 m by 
90 m. Several hundred deposited by each female in the body cavity of the grub 
or adult beetle. Segmentation and hatching occur immediately after deposition. 

Newly hatched Icirvae —Length 0.22 to 0.30 mm; width 12 m to 16 m. Cuticle 
finely striated. Lip region rounded and expanded (fig. 1, A). Tail conoid to the 
small blunt te rminus (fig. 1, B). Spear exceedingly slender, without basal knobs. 

illu? nemas. Contributions to a Science of Nematology, IX, pp. 301-302, 
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Esophagus a slender tube, narrowing as it passes through the nerve ring, then 
gradually expanding and merging with intestine. Excretory pore a little posterior 
to nerve ring. 

Second-stage larvae .—Measurements of recently molted specimens: 


1.5 16. 20. Jiiv. 95. 

1.2 3.4 3.7 5. 3."" 


0.35-0.42 mm 


Similar in appearance to the young larvae except for the uniformly tapering 
anterior end (fig. 1, C) and the developing gonads. Genital primordiiim visible 
at beginning of first molt (fig. I, B). From it the single ovary develops forward 
until it is about half as long as body, its terminus reflexed a distance equal to 3 to 
5 body widths. A prominent gland usually is visible just back of the nerve ring. 
During this stage little or no increase in bodv length but marked development in 
width. 

Intermediate forms between this stage and the adults were not found. 
Apparently it is during this portion of the life cycle that the nemas leave their 



Figure l.—Aphelenchulus reversus. A, Anterior end of molting first-stage larva: cph cut er. Larval cephalic 
cuticle; on, spear. X 1,000. JB, Posterior end of molting first-stage larva: gen pri, Genital primordium; 
cut ex, larval caudal cuticle. X 1,000. C, Anterior end of second-stage larva: ppl 4), Labial papillae; nmph 
gl, amphidial glands. X 1,000. 


hosts and transfer to other beetles or grubs. However, none was found outside 
the bodies of the hosts and the method of transfer remains unknown. 

Females from grubs and adult beetles .—Length 1.0 to 1.8 mm; width 50/i to ISOp. 
Vulva 94 to 96 percent. Body bent dorsally, more or less cylindrical throughout 
greater part of its length but tapering conspicuously at the very narrow lip 
region, which is not set off in any manner. Cuticle annulated near the head and 
at the terminus; on some specimens annules conspicuous, on others almost in- 
visible. Body constricted at vulva, especially ventrally. Tail broad, bearing 
dorsal, hornlike, annulated terminal projection which actually is the upturned 
original tail of the immature nema. This ^horn"’ apparently becomes ipturned 
as body distends with growth of the internal organs, and pressure is relieved on 
the ventral side when the broad vulvar opening is formed at the last molt. The 
four labial papillae almost invisible even from a face viewn The amphids lie close 
to oral opening. Four large glands are prominent feature of head region. Spear 
12iu to 14 m long, slender, with short ventrally located aperture. Knobs of the 
spear vary from obscure to distinct. Lumen of esophagus can be traced only a 
short distance from the spear. A series of 15 to 18 pairs of conspicuous lateral 
structures distributed throughout the body. Vulva a broad transverse slit. 
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Three giaiids lie opposite, vulva, causing constriction of the orgaii^s. Anus and 
reetiiiiiAibsent. Ovary extending forward about three-fourths the le^igth of 
body, then refiexed a distance equal to 1 to 2 body widths. Ovipaious. h einales 

generaliv burst when removed from the host (fig. 2). 

Diamwsis .—Oviparous Aphelenchulus with dorsally bent body bearing a 
prominent, upright terminal “horn.^’ A series of 15 to 18 pairs of conspicuous 
lateral structures distributed throughout the body. Parasitic in the body ot 
De n droctonus monticoiae. 


NEMIC ECTOPARASITES AND ASSOCIATES OP THE MOUNTAIN 

PINE BEETLE 

Three neinic species, Aphelenchoides latus, A. tenuidem, and Pan- 
agrodontus deniatus, were found living under the elytra of the beetles. 
In all instances only the larvae were found in this position, the adults 



FiGVim2.-~Aphelenchulus remsus (female). -4, Anterior end: on, Spear; gl (4), 2 of 4 glands near head. 
X 800. B, Posterior end: d ut. Cell of uterus; vag, vagina; lat sir, lateral structure; int, intest.ine; do, 
vulva. X 4C0. C, Female: on, Spear; lat str, lateral structure;/fj- ov, flexure of ovary; trm ov, terminus 
of ovary; ov, egg; ut, uterus; do, vulva. X 100. 


living in the frass. It would seem that such ectoparasitisin could 
cpse but little injury or inconvenience to the host and that the prin¬ 
cipal purpose is to assure transportation to new locations when the 
beetles abandon dying trees. 

Recent borings contained fewer nemic species than did the older 
ones, a fact which indicates that some species may be carried by sec¬ 
ondary insects (Staphylinidae, Tenebrionidae, Ipidae, Histeridae, 
etc.) wMch invade the bark soon after the trees are attacked by the 
mountain pine beetle. 


ANGUILLULINA PINOPHILA, N. SP. 

Angmlhdma pimphila (fig. 3) appeared in every collection made, 
usually in large numbers. It was the only species found in many trees, 
especially those in which the beetles had recently become estaWished. 
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Typically plant parasitic in appearance, it apparently lives only in 
the tunnels, the lining cells of which are the most probable source of 
food. Because of the instability of the frass, a spear-bearing nema 
would experience difficulty in feeding upon it. None of these"nemas 
was found in the bark or in soil about the bases of trees adjacent to 
those infested with beetles, indicating that the nemas are entirely 
dependent upon the beetles for transportation. 

Anguillulina pinophila is closely related to -.1. major (Fuchs, 1915) 
new comb, (synonym, Tylenchus major Fuchs, 1915),^' from which it 
differs because of its narrower, more definitely set-off lip region and 
coarser striae. In some respects it resembles ^4. dipsaci (Kiihn, 1858) 
Gerv. and V. Ben., 1859; ^4. dendrophila (Marcinowski, 1909) Goodey, 




A 


B 


Figure Z—Anguillurma pinophila: .4, Head. X 1,000. B, Male tail, ventral view. X 500. C, Male tail, 
lateral view\ X 1,000. D, Posterior portion of female. X 5(K). 




1932; and A. radicicola (Greeff, 1872) Goodey, 1932. It differs from 
these species in the form of the lip region and male tail. 


Measurements .— 

0.5 5. 9. W so 91.3 

0.4 i.6 2.1 4. 2.6 

1. 9. 16. M 97.2 

0.8 2. 2.5 3. 1.8 


.1.5-2.5 mm ^ 
1.4 

1-1.5 mm 


Size rather variable, females usually considerably larger than males. Cuticle 
finely striated. Wing area smooth and refractive. Lip region rather flat, almost 
twice as wide as high, set off by a slight constriction. Spear a little longer than 
width of lip region, with small, though definite, basal swellings. Esophagus 
typical, median bulb one-half to two-thirds as wide as neck. Vulva a deep trans¬ 
verse slit. Ovary outstretched, variable in length, sometimes reaching median 
bulb of esophagus. Posterior uterine branch reaching one-half to three-fourths 
the distance to anus. Females approaching senility occasionally oviparous. 
Testis outstretched. Spicula three-fourths as long as tail, most arcuate in distal 
half. Gubernaculum thin, flat, arcuate, about one-fourth as long as spicula. 

8 Fuchs, G. die haturgeschichtb der nematoden und einiger anderer parasiten. i. bes ips 
TYPOGRAPHUS L. 2. DEs HYLOBius ABiETis, L. Zool. Jahrb-, Abt. System., Geogr. u. Biol. Tiere 38; 
[1091-222, illus. 1915. . ^ , 

7 Tbe letter W, occasionally used in formulas, denotes the widest portion of the body. 
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Female fail 2 to 3 times as long as anal body diameter, usually rather uniformly 
eoiioici to small rounded terniiiius. Phasmids a little posterior to middle of tail. 
Distance between vulva and anus variable. Male tail yentrall^t^ arcuate, uniform¬ 
ly conoid to pointed terminus. Bursa enveloping tail from teriiunus to a point 
opposite proximal ends of spicula. 

Diaanoks.—Anguillulina of plant parasitic type from tunnels of inountain pi no 
beetle. Lip region truncated, almost tv,dce as wide as high, set off by a slight 
constriction. Spear slightly longer than width of lip region, with small basal 
sweiliiiss. Spicula three-fourths as long as tail. Bursa completely envelo])ing 
tail. Measurements as given above. 


ANGUILLULINA MAGNICAUDA, N. SP. 

A single female of AnguiUulina magnicauda was found associated 
wiili A^ pinophila in beetle frass from a tree in the Horse Creek 
district. The specimen is so outstanding in its characteristics that 
it appears justifiable to base a new species upon it (fig. 4). 



Fioure l—Anguiliulim magnicauda: n. Head. X SOO. B, Female tail, lateral view: al (S), Wings; 
pim, phasmiii. X SfX). C Terminus of female tail, ventral view': phas, Phasmid; al cren, crenation of 
wings. X 800. 


Me as u re rn en is . — 

3.2 13. 19. 94.4 

1.4 2.8 3. 1 3. ■ 2. 4 ^ ““ 

Body a]mo.st cylindrical, attaining greatest width at base of esophagus. Ante¬ 
riorly it tapers moderately until lip region is one-half width of neck at nerve ring. 
Terniiims about hemispherical. Cuticle marked by coarse striae that may, 
especially on tail, be traced across the wdng area. Three wings slightly crenate; 
wing area occupying about one-third the body width, marked by four refractive 
lines. ^ Lip region continuous with neck contour, marked by fine striae. Minute 
ampliids and labial papillae visible even from lateral view. Labial framework 
yellow, massive. Spear length about twice width of lip region, basal bulbs 
strongly developed. The two sections of spear unusually well differentiated. 
Median esophageal bulb ovate, half as wide as the neck. Posterior esophageal 
bulb very definitely differentiated from intestine. Excretory pore opposite 
middle of posterior bulb. Intestine with variable-sized granules. Rectum 
shorter than anal body diameter. Anus distinct. Vulva a deep, transverse slit. 
Vagina extending half way across the body. Amphidelphic ovaries symmetrical, 
oiitstretched. Although specimen was well developed, no sperms visible in uterus. 
Tail almost cylindrical to hemispherical terminus, times as long as anal body 
diameter. Unusually large portion of terminus hyaline, the “ core ” only partially 
filing it. Phasmids prominent, in profile appearing as distinct pockets wdth 
fibrous inner connections leading to the lateral cords. 
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Diagnosis.—Anguillulina with rather cylindrical body, practically straight 
when killed by gradual heat. Lip region continuous with body contour, half as 
wide as neck at the nerve ring. Labial framew'ork yellow, massive. Spear with 
huge basal knobs, its length twice the "width of lip region. Two ovaries out¬ 
stretched, symmetrical. Tail almost cylindrical, 2>2 times as long as anal body 
diameter. 

Relationships .-—Most closely related to Anguillulina macrura Goodey, from 
which it differs in its much wider lip region, more massive spear, and longer tail. 
The spear, yellow labial framework, and coarse striae of the cuticle similar to 
those of HoplolamuSj but lip region not set off and spear knobs not dentate. 


APHELENCHOIDES BRACHYCEPHALUS, N. SP. 

Small numbers of Aphelenchoides hrachycephalus (%. 5, ^4, B, C, D) 
W"ere found living in the frass and tunnels of the bark beetle, ximong 



Figure 5.— A~D, Aphelenchoides hrachycephalus. A, Head, face view: arnph, Amphid; lb ppL ( 4 ), labial 
papillae. X 665. B, Anterior end. X 665. C, Female tail. X 665. B, Male tail. X 665. B-0, 

Aphelenchoides talonus. E, Male tail. X 665. E, Female tail. X 665. Gr, Anterior end, X 665. 


the Aphelenchoides, A. hrachycephalus is outstanding because of its 
broadly expanded, disldike lip region and long, wide spear. The 
aperture of the spear is easily observed in tliis species, and it is located 
ventrally as in other species of Aphelenchoides and in Anguillulina, 
Hoplolaimus, and related genera. In fact, this feature is a distinctive, 
previously unrecorded character separating the Anguillulinidae from 
the Dorylaimidae in wliich the spear aperture is dorsal. 


Meas urements .— 

2.5 11. 12. 57 76.12 94. 

1.3 2.5 2.6 3. 1.7 

2. 5 10. 11. 25 M 95^ 

1. 3 2. 1 


0.8-1 mm 


2.2 


2.8 


2 . 


0. 8-1 mm 
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Cuticle finely aiiniilated, about 17 striae lying between the lips and a point 
opposite the base of the spear. Anteriorly body tapers much less than in other 
sp^?ies to the broadly expanded lip region, wliich is five-eighths as wide as the 
neck at the bulb. Body ventrallv contracted at vulva. Female tail three times 
as long as anal bodv diameter, tapering gradually to the abruptly conoid, mucro- 
iiate terminus. Male tail somewhat shorter than that of female and more 
definitely inucronate. Face view reveals lateral lips to be much larger than the 
siibmedian. Amphids located slightly ventro-submedially on the lateral lips. 
The four labial papillae shifted dorsally and ventrally, Spear almost twice as 
long as uidth of lip region with distinct joint near middle, the aperture occupying 
one-lialf of the anterior portion. Anterior portion of esophagus short, only 1% 
times spear length. Bulb slightly ovate, three-fourths as wide as body cavity, its 
musculature indistinct. Nerve ring located about one bulb width behind bulb. 
Excretory pore near nerve ring. Granules of intestine beginning just back of 
nerve ring. Ovary outstretched. Eggs twice as long as body width, and as thick 
as body cavity. Posterior uterine branch extending one-half to three-fourths the 
distance to the anus. Testis outstretched. Spicula two-fifths as wide as body, 
arcurate on dorsal side, ventrally consisting of a slender flexible element. Only 
two pairs of siibmedian papillae observed, one pair near middle of tail, other 
slightly preanal. 

'Diagnosis—Aphelenchoides with lin region five-eighths as wide as neck at bulb. 
Spear one-sixth as wide and almost twice as long as width of lip region, the 
aperture occupying one-half of its anterior portion. Body ventrally contracted 
at vulva. Spicula arcuate on dorsal side, ventrally a flexible element. Tails of 
both sexes usually mucronate. Associate of mountain pine beetle. 


APHELENCHOIDES TALONXJS, N. SP. 


Many specimens of Aphelenchoides talonus appeared in practically 
all collections. The female is inconspicuous when compared to the 
male with his ^^mitten-shapedspicula and striking^ talonlike ter¬ 
minus (fig. 5, E, F, 0), 


M easure?nents .— 

1.4 10. 12. 50 73 J 2 96. 

0.7 2. 2.1 3. “ 1.5 

1.4 9. 10. M 98. 

0.7 1.9 2. 2.1 2. 


0.8 mm 
0.8 mm 


Anteriorly body is slightly convex-conoid to the amalgamated, truncate, defi¬ 
nitely set-off lip region, which is one-third as wide as the neck at the bulb. 
Female tail convex-conoid to the blunt, rounded terminus, which bears no mucro. 
Alale tail ventrally arcuate, ending in ciiticular, talonlike terminus. Spear 
slender, i\'ithout basal knobs, its length equal to twice the width of the lip region. 
Vulva with slightly elevated labia. Ovary extending forward, then reflexed a 
short distance. Posterior uterine branch reaching three-fourths the way to the 
anus. Eggs 2 to 254 times as long as body width. Testis reflcxed a short distance. 
Diagnosis.—Aphelenchoides with above measurements. Male with “mitten¬ 
shaped” spicula and ciiticular talonlike terminus. Female tail conoid to the 
blunt rounded terminus, which bears no mucro. Lip region amalgamated, defi¬ 
nitely set off. Spear without basal knobs, its length equal to twice width of lip 
region. Associate of mountain pine beetle. 


APHELENCHOIDES TENUIDENS, N. SP. 

Many larvae of Aphelenchoides tenuidens (fig. 6) held together in 
masses of cocoonlike material were found under the elytra of several 
beetles. Large numbers of the adults were in the bodies of dead 
beetles and in the frass from the tunnels. In no instance were they 
found within the bodies of living insects. 


Measurem ents .— 

2.1 11 . 13. 557515 95 , 

1 . 2.1 2.3 2.7 1.7 

2.2 12. 14. «7 ]v[ 94,5 

1.1 2.2 2.3 2.6 


0.8 mm 
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0.75 mm 
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Body tapering rapidly anteriorly, the width at esophageal bulb being 2]i times 
that of lip region. Female tail 3 times as long as anal body diameter, slightly 
convex-conoid to the abruptly conoid terminus, which does not bear a distinct 
mucro. Male tail slightly bent ventrally, terminus mucronate. Four pairs of 
submedian papillae present, 2 pairs preanal and 2 caudal (fig. 6, C). Spicula 
about two-fifths as wide as body, arcuate in distal half, proximally almost straight 
on dorsal side; ventral side flexible when spicula are extruded (fig. 6, D). 

The distinct striations of the cuticle interrupted laterally by a ving area, which 
near middle of ne:na is about one-eighth as wide as body. Lip region amalga¬ 
mated, caplike, set off by constriction. Vestibule well cuticularized. Spear very 
slender, its length almost twice the width of lip region, with obscure basal swell¬ 
ings. In living specimens distinct joint observed near middle of spear. Esophag¬ 
eal bulb ovate, with strong musculature, a little more than half as wide as neck: 
Nerve ring one bulb length behind 
bulb. Excretory pore slightly back of 
nerve ring. Intestines densely gran¬ 
ular. Ovary outstretched, some¬ 
times almost reaching esophagus. 

Posterior uterine branch reaching 
one-half to three-fourths the dis¬ 
tance to anus. Eggs half as wide 
as body; 2}^ times as long as wide. 

Testis usually 'outstretched, occa¬ 
sionally reflexed a short distance. 

Diagnosis.—A phelenchoide s .— 

Spear twice as long as width of lip 
region, wuth obscure basal sw'ellings. 

Male terminus with mucro, female 
terminus without mucro. Spicula 
two-fifths as wide as body, proxi¬ 
mally almost straight on dorsal side, 
ventrally slender,, flexible. Male 
caudal papillae arranged as shown 
in figure 6, C. Associate of moun¬ 
tain pine beetle. 

APHELENCHOIDES LATUS, N. SP. 

Aphelenchoides lotus (fig. 7) 
is very closely related to Aphe¬ 
lenchoides macrogaster (Fuchs, 

1915) new comb, (synonym, 

Tylenchus macrogaster Fuchs, 

1915),^ from which it differs 
principally in the narrowerfjlip 
region and more conoid tails. 



Figure G.—Aphelenchmdes tenuidcnit;: A. Anterior end. 
X 565. B, Posterior fiortion of female. X 335. C\ 
Male tail. X 665. n, Spicula partly extruded. X 665. 


M eas ur eluents .— 

2.5 16. 19. W ^Q80. 

1.5 4.4 4.5 5.5 5. 

2.7 18. 21. M 92.3 

1.7 4.4 4.5 5. 3.7 


92.5 

3.3 


0.4 mm 


0.4 mm 


Body short, unusually broad for an Aphelenchoidesy tapering anteriorly until 
lip region is about two-fifths as wdde as the neck at the bulb. Wing area marked 
bv four lines. Annulation broad, obscure. Body slightly contracted yentrallv 
at vulva. Female tail slightly arcuate, conoid to pointed terminus. Male tail 
ventrally arcuate, conoid to pointed terminus. Lip region set off by slight de¬ 
pression, lips obscure. Spear with "well-developed basal knobs. Esophageal 
bulb very large. Hyaline esophagus extends back from bulb unusually long dis¬ 
tance before merging with intestine (fig. 7, A), Excretory pore located about 
opposite first granules of intestine- Granules of intestine and body generally 
large. Vulva a depressed transverse slit, anterior lip overlapping. Vagina at 


8 Fuchs, G. See footnote 6. 
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Cuticle fiiielv aiiinilated, about 17 striae lying between tlie lips and a point 
opposite the base of the spear. Anteriorly body tapers much less than in other 
species to the broadly expanded lip region, which is five-eighths as wide as the 
neck at the bulb. Body ventrally contracted at vulva. Female tail three times 
as long as anal body diameter, tapering gradually to the abruptly conoid, mucro- 
nate termiims. Male tail somewhat shorter than that of female and more 
definitely iniicronate. Face view reveals lateral lips to be much larger than the 
siibmedian. Amphids located slightly ventro-submedially on the lateral lips. 
The four labial papillae shifted dorsally and ventrally. Spear almost twice as 
long as width of lip region with distinct joint near middle, the aperture occupying 
one-half of the anterior portion. Anterior portion of esophagus short, only l}i 
times spear length. Bulb slightly ovate, three-fourths as wide as body cavity, its 
musculature indistinct. Nerve ring located about one bulb width behind bulb. 
Excretory pore near nerve ring. Granules of intestine beginning just back^ of 
nerve ring. Ovary outstretched. Eggs twice as long as body width, and as thick 
as body cavity. Posterior uterine branch extending one-half to three-fourths the 
distance to the anus. Testis outstretched. Spicula two-fifths as wide as body, 
arcurate on dorsal side, ventrally consisting of a slender flexible element. Only 
two pairs of submedian papillae observed, one pair near middle of tail, other 
slightly preanal. 

Diagnosis — Aphelenchoides with lip region five-eighths as wide as neck at bulb. 
Spear one-sixth as vide and almost twice as long as width of lip region, the 
aperture occupying one-half of its anterior portion. Body ventrally contracted 
at vulva. Spicula arcuate on dorsal side, ventrally a flexible element. Tails of 
both sexes usually mucronate. Associate of mountain pine beetle. 

APHELENCHOIDES TALONUS, N. SP. 

Many specimens of Aphelenchoides talonus appeared in practically 
all collections. The female is inconspicuous when compared to the 
male with his mitten-shaped^' spicula and striking, talonlike ter¬ 
minus (fig. 5, E, Fj G), 

M em urements . — 

1.4 10. 12. 50 73.12 90. 

0.7 2 . 2.1 3. 1.5 

1.4 9. 10. 75 M 98. 

0.7 1.9 2. 2.1 2. 

_ Anteriorly body is slightly conve.x-conoid to the amalgamated, truncate, defi¬ 
nitely set-off lip region, which is one-third as wide as the neck at the bulb. 
Female tail convex-conoid to the blunt, rounded termimis, wiiich bears no mucro. 
Male tail^ ventrally arcuate, ending in cnticiilar, talonlike terminus. Spear 
slender, without basal knobs, its length equal to twice the width of the lip region. 
\ iilva with slightly elevated labia. Ovary extending forw^ard, then reflexed a 
short distance. Posterior uterine branch reaching three-fourths the wmy to the 
anus. Eggs 2 to 2}^ times as long as body width. Testis reflexed a short distance. 

Diagnosis. — Aphelenchoides with above measurements. Male with “mitten¬ 
shaped” spicula and cuticular talonlike terminus. Female tail conoid to the 
blunt rounded terminus, w'hich bears no mucro. Lip region amalgamated, defi¬ 
nitely set off. Spear without basal knobs, its length equal to twice width of lip 
region. Associate of mountain pine beetle. 

APHELENCHOIDES TENUIDENS, N. SP. 

Many larvae of Aphelenchoides tenuidens (fig. 6) held together in 
masses of cocoonlike material were found under the elytra of several 
beetles. Large numbers of the adults were in the bodies of dead 
beetles and in the frass from the tunnels. In no instance were they 
found within the bodies of living insects. 

Meaiuremenis .— 

2.1 11, 13. °S75.» 95. 

L 2 l 27 TT ® ® ““ 
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0.8 mm 
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Body tapering rapidly anteriorly, the width at esophageal bulb being 2)2 tiroes 
that of lip region. Female tail 3 times as long as anal body diameter, slightly 
convex-conoid to the abruptly conoid terminus, which does not bear a distinct 
mucro. ^ Male tail slightly bent ventrally, terminus mucronate. Four pairs of 
submedian papillae present, 2 pairs preanal and 2 caudal (fig. 6, C). Spicula 
about two-fifths as wide as body, arcuate in distal half, proximally almost straight 
on dorsal side; ventral side flexible when spicula are extruded (fig. 6, D). 

The distinct striations of the cuticle interrupted laterally by a wing area, which 
near middle of ne;na is about one-eighth as x^ide as body. Lip region amalga¬ 
mated, caplike, set off by constriction. Vestibule well cuticularized. Spear very 
slender, its length almost twice the width of lip region, with o])scure basal swell¬ 
ings. In living specimens distinct joint observed near middle of spear. Esophag¬ 
eal bulb ovate, with strong musculature, a little more than half as wjde as neck: 
Nerve ring one bulb length behind 
bulb. Excretory pore slightly back of 
nerve ring. Intestines densely gran¬ 
ular. Ovary outstretched, some¬ 
times almost reaching esophagus. 

Posterior uterine branch reaching 
one-half to three-fourths the dis¬ 
tance to anus. Eggs half as wide 
as body; 2}^ times as long as wide. 

Testis usually ‘outstretched, occa¬ 
sionally reflexed a short distance. 

Diagnosis .—A phelenchoide s .— 

Spear twice as long as width of lip 
region, with obscure l)asal swmllings. 

Male terminus with mucro, female 
terminus without mucro. Spicula 
two-fifths as wide as body, proxi¬ 
mally almost straight on dorsal side, 
ventrally slender,, flexible. Male 
caudal papillae arranged as shown 
in figure 6, C. Associate of moun¬ 
tain pine beetle. 

APHELENCHOIDES LATUS, N. SP. 

Aphelenchoid.es latus (fig. 7) 
is very closely related to Aphe- 
lenchoides macrogaster (Fuclis, 

1915) new comb, (synonym, 

Tylenchus macrogaster Fuchs, 

1915),® from which it differs 
principally in the narrower fjlip 
region and more conoid tails. 



Figure 6 .—Aphelenchoides tenaidcns: A, Anterior end. 
X 565. B, Posterior portion of female. X 335. C, 
Male tail. X 665. Z), Spicula partly extruded. X 665. 


Meas iire-ments .— 

1.5 

2.7 
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92.5 

3.3 


0.4 mm 


0.4 mm 


Body short, unusualiy broad for an Aphelenchoides, tapering anteriorly until 
lip region is about tw^o-fifths as wide as the neck at the bulb. Wing area marked 
by four lines. Annulation broad, obscure. Body slightly contracted ventrally 
at vulva. Female tail slightly arcuate, conoid to pointed terminus. Male tail 
ventrally arcuate, conoid to pointed terminus. Lip region set off bv slight de¬ 
pression, lips obscure. Spear with well-developed basal knobs. Esophageal 
bulb very large. Hyaline esophagus extends back from bulb unusually long dis¬ 
tance before merging with intestine (fig. 7, A). Excretory pore lomted about 
opposite first granules of intestine. Granules of intestine and body generally 
large. Vulva a depressed transverse slit, anterior lip overlapping. Vagina at 


® Fuchs, G. See footnote 6. 
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first extending in and forward, then bent to nearly right angles with body axis. 
Ovarv outstretched. Posterior uterine branch extending almost to rectuln. 
Female rectum and anus inconspicuous. Two pairs of conspicuous, conical niale 
papillae, one slightly preanal and other at beginning of distal third of tail. Spicula 
elongate, mitten-shaped, cephalated (fig. 7, B). Sex ratio, about eight females 
to each male. 

Diagnosis.—’Aphelenchoides of small size, and broad body with above measure¬ 
ments. Spear with basal knobs. Esophageal bulb comparatively massive. 
Intestinal granules beginning almost two body-mdths behind bulb. Excretory 
pore about opposite anterior end of intestine. Body slightly contracted at vulva. 
Spicula elongate mitten-shaped. Tail of female slightly arcuate, that of male 
conspicuously arcuate. Terminus acute. Beneath elytra and in tunnels of 
mountain pine beetle. 

DIPLOGASTER PINICOLA, N. SP. 

Biplogaster pinicola (fig. 8) was present in limited numbers, which 
may have been due to the fact that many individuals were suffering 



PiauKE r.—Aphelenchoides latwf. U, Anterior end: p fx, E.wretory pore. X 800. B, Male tail. X 800 
V, Posterior portion of female. X 800. 


from a cutaneous affection, apparently bacterial, causing hlisterlike 
elevations on the head and neck. The dentition indicates that the 
species may be predaceous, but identifiable food particles were not 
present in the intestine. The species closely resembles Diplogaster 
butfcMu Fuchs, 1915, from which it differs in possessing longitudinal 
striations of the cuticle and in the pattern of the cuticular markings. 


MemW^fmnts .—- 

0.6 9. 14. 20 51. 22 93.4 

175 271 O O 

0.8 12. 16. 53 M 93. 6 

1.2 2. 2.4 3.2 2.8 


1.3 mm 
1.1 mm 


B^y slender, tapering anteriorly until width near lip region is about 

neck. Female tail convex-conoid to acute terminus, its 
length &i»ut 2^ times anal body diameter. Male tail ventrally arcuate, convex- 
mmidyith spicate terminus. Cuticle marked bv fine transverse and longitudi¬ 
nal striae. Longitudinal striae low, obscure (fig. 8, B), about 44 at mid body 
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decreasing in number toward the extremities. Viewed laterally these longitudinal 
striae present double rows of refractive, dotlike markings where they cross the 
transverse striae (fig. 8, C). Lip region rounded, with six forward-pointing, conical 
papillae. Ainphids appear as minute oval markings close to the lateral papillae. 
Pharynx obscurely hexagonal from a face view; viewed laterally it presents two 
distinct chambers (fig. 8, D) bearing a central, massive, arcuate, dorsal tooth. 
Anterior portion of esophagus four-fifths as long as posterior but broader and more 
muscular (fig. 8, A). Excretory pore a short distance posterior to nerve ring. 
Intestine densely granular, its lumen sinuous. Ovaries reflexed past vulva. 
Vulva a transverse slit with protuberant labia. Testis single, reflexed. Spiciila 
yellow, arcuate, slightly cephalated. Gubernaculum thick proximally, with a 



Figure S—Diplogaster pinicola: A, Anterior end. X 500. B, Cross section through three longitudinal 
striae of cuticle. X 2,000. C, Pattern formed by dotlike markings of cuticle. X 2,000. D, Head, 
X 1,000. E, Male taU. X 500. F, Female tail. X 500. 

thin troughlike distal extension in which the spicula glide. Eight pairs of male 
caudal papillae (fig. S, E). 

Diagnosis.—Diplogaster with the above measurements. Longitudinal striae 
44 at mid body, low, obscure, th.eir presence indicated by double rows of refrac¬ 
tive dots. Tails of both sexes less than 7 percent of body length. Six labial 
papillae, forward-pointing, conical. Pharynx divided into two chambers, armed 
with single, massive, arcuate dorsal onchium. Female amphidelphic, ovaries 
reflexed past vulva. Spicula arcuate, cephalated. Gubernaculum thick prox¬ 
imally with thin troughlike distal extension. Eight pairs of male caudal papillae 
(fig. 8, E). From frass and tunnels of mountain pine beetle. 

RHABDITIS OBTUSA FUCHS, 1915 

Hundreds of the nema Rhabditis obtusa (fig. 9) were found in a 
single tree in which ^^sour sap” had followed beetle infestation. 
Fuchs ® described varieties of R. obtusa based principally on the bursal 


8 Fuchs, B. See footnote 6. 
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forniiila-. This chiiractcr was variable on the specimeiis^ exaiiiiiied 
and definite varieties could not be determined. In fact, it is doubtful 
whether the varieties proposed by Fuchs are as definite as he thought 
them to be. 


Measurements .— 

2. 3 13. 20. 

2. 13. 3. 6 

2. 6 14. 22. 

2. 2 2. 7 3. 3 


W 6^95. 

4. 4 

80 M 95. 6 

3, 4 3. 3 


0. 8-1. Imm 

2 . 1 

— 0. 6—0. 8 mm 


Bodies of both sexes almost cylindrical between esophagus and genital opening. 
Neck tapering uniformly to lip region, which is about one-third as wide as base of 
neck. Female tail short, bluntly conoid. Vulva exceedingly far back (fig. 9, A). 
Striae about Ifx wide at mid body, slightly wider near head. Lip region almost 
continuous with neck contour. ' Six conical, forward-pointing, labial papillae 
were visilfie but other details of head "were always obscured by clinging debris. 
Amphids minute. Pharynx about three times as deep as wide. Cheilorhabdions 
and protorhabdions slightly convex. Telostom absent. Esophagus: Corpus 



Figuee ^.—Rhabditis obtusa Fuchs: Posterior portion of female. X 500. B, Head. X 1,000. C, Male 

tail. X 500. 

cylindrical; medial bulb slightly wider than corpus; isthmus same length as corpus 
and half as wide; terminal bulb ovate, two-thirds as wide as neck. Nerve ring 
midway of isthmus. Excretory" pore slightly posterior to nerve ring. Female 
prodelphic. Vulva elevated. Vagina extending almost straight forward. 
Uterus one-third as long as body. Ovary extending forward from uterus, then 
reflexed until the blind end reaches one-half to three-fourths the distance back to 
the vulva. Posterior uterine branch absent. Testis single, extending nearly to 
esophagus, then reflexed a short distance. Spicula and giibernaculum as showui in 
figure 9, C. Bursa enveloping the tail, with 2 pairs of preanal ribs, then 3 pairs 
grouped close together just posterior to anus, followed by 4, rarely 3 or 5, pairs; 
general bursal formula being 2()3, 1, 1, 2. 

The species differs from Rhahditis lambdiensis Maupas in its 
slenderer body, continuous lip region, absence of telostom, form of 
spicula and ^bemaculum, bursal formula, and bluntly conoid female 
tad. ^ It is distinguished from R. monhystera Butschlf by the bluntly 
conoid female tail, by the short male tail enveloped by the bursa, and 
by the bursal formula. 

PANAGRODONTUS, N. G. 

^ i>iagii08ts.--^Ciepliaiobidae. Cephaloboid nemas bearing a flat toothlike pro- 
lection on the dorsal prorhabdion, which may be opposed by submedian onchia. 
Lips three, duplex. Amphids minute. Corpus of esophagus broad, cylindrical. 
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Ovary single, extending forward from the vulva, then reflexed far posterior to it, 
lacking the double flexure found in Acroheles and Cephalohus, the blind end 
usually reaching the rectum and frequently extending past the anus into the tail. 
Testis single, terminal portion reflexed. Spicula equal, arcuate, cephalated. 
Gubernaculum present. 

Type species.—Panagrodontus deniatus, n. sp. 

Panagrodonius differs from other Cephalobidae in possessing a dorsal pharyn¬ 
geal onchium which sometimes is opposed by submedian onchia. 


Measurements .— 


PANAGRODONTUS DENTATUS, N. G., N. SP. 


1.6 

12. 

20. 

W 30 

59.30 

n fi mm 

1.9 

4.2 

4.6 

5.6 

4.9 

u.D in 111 

1.3 

11 . 

18. 

60 M 

90. 

0.6 mm 

1.6 

3.6 

4.2 

4.2 

3.6 


Body tapering both ways from near middle. Tails of both sexes at first 
dorsally convex-conoid, then convex, ending in a somewhat spicate terminus which 
occupies one-third to one-half of the total tail length. Transverse striae moder- 



Figuee 10.—Panagrodontus dentatus. Male tail. X 500. B, Head, lateral view: chlost, Cheilostom. 
prtostf protostom; msord, mesorhabdion; amph, amphid; on, tooth. X 1,000. C, Head, face view: amph, 
Amphid; on, tooth; prtrd, protorhabdion. X 2,000. X>, Female tail: trm ov. Terminus of ovary. X 


ately fine. Wings two, obscure, the area about one-eighth as wide as body near 
the'middle. Lip region rounded, continuous with neck contour. Lips three, 
duplex, the two subventral being somewhat asymmetrical. Amphids minute. 
Pharynxfl® Cheilostom obscure, hexagonal when seen in face view; protostom 
triquetrous; dorsal mesorhabdion bearing a flat toothlike plate about 2/i long 
opposed by a niche formed by the submedian mesorhabdions and metarhabdions. 
Esophagus: Corpus cylindrical, at first almost filling body cavity ; isthmus about 
equal in length to corpus; bulb half as wide as neck with conspicuous valvular 
apparatus. Intestinal walls at first thin then gradually becoming much thicker 
with a corresponding narrowing of the lumen. Vulva a transverse slit with 
elevated labia. Posterior uterine branch rudimentary, its length equal to I or 2 
body-widths. Ovary extending forw’ard, then reflexed and outstretched, the 
terminus reaching the rectum or, frequently, extending into the tail. Average 
size of eggs 20jLt X SO/x. Testis single, the'terminal portion reflexed. Spicula, 
gubernaculum, and male caudal papillae as showm in figure 10, A. 

Diagnosis.—Panagrodontus with above measurements. Pharynx armed with 
a single tooth located on the dorsal mesorhabdion. Tails of sexes similar, at 
first dorsally convex-conoid, then convex, ending in a somewhat spicate terminus. 
Spicula, gubernaculum, and male caudal papillae as showui in figure 10, A. 
Associate of mountain pine beetle. 

10 Steiner, G. nomenclature of pharyngeal plates in the nematode cylindrogaster longistoma 
STEFANSKI) GOODEY, AND ITS RELATIONSHIP. JOUT. ParaSitol. 20: 66. 1933. 
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SUMMARY 

A brief historical discussion of the mountain pine beetle in Utah is 
given. 

A new nemic endoparasite, Aphelenchulus reversm, is described and 
its life history partially outlined. 

Eight ectoparasites and associates new to science are described: 
Anguillulina pinophila, A. magnicauda, Aphelenchoides brachgce- 
phalus,^ A, talonusj A, tenuidenSj A. latuSj Panagrodontus dentatus^ 
and Diplogaster pinicola. 

New information is given concerning Rhabditis obtusa Fuchs, 1915. 

Phases of the life histories and habits of these nemas are discussed. 

A diagnosis of the new genus Panagrodontus is made. 



STUDIES ON THE VARIABILITY OF PATHOGENICITY 
AND CULTURAL CHARACTERS OF GIBBERELLA 
SAUBINETII1 

By Arnold J. Ullstritp - 


Research associate in plant pathology^ Wisconsin Agricultural Experiment Station, 
and formerly agent, Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture 


INTRODUCTION 


Variability in pathogenicity and cultural characters in the fungus 
GihbereUa sauhinetii (Mont.) Sacc. was brought to the attention of 
the writer during the course of an investigation on the influence of 
soil t^^mperature upon the development of seedling blight in barley 
(Hordeurn vulgare L.) caused by this organism. As a result of these 
observations the present investigation was directed toward deter¬ 
mining the nature, frequency, and magnitude of the apparent varia¬ 
bility in 0 , sauhinetii, particularly with respect to pathogenicity and 
cultural characters. 


MATERIAL AND METHODS 

Perithecia of Gibberella saubinetii collected by the writer in the 
summer of 1933 from barley fields in Illinois, Iowa, and Minnesota 
furnished the material on wliich this study was based. All cultures 
used were grown from ascospores isolated in sets of 8, each set com¬ 
prising the 8 ascospores from a single ascus. Each subsequent sub¬ 
culture, however, was derived from a single conidium unless other¬ 
wise indicated. Ascospores, rather than conidia, were selected as 
starting points because, theoretically, the ascospores should be 
homocaryotic, whereas the conidia may or may not be in that condi¬ 
tion. Granting the possibility of the existence of nuclei of different 
genetic constitution, a random assortment of nuclei by virtue of the 
frequently occurring phenomenon of anastomosis would not preclude 
the possibility of conidia of different nuclear make-up. 

The procedure employed in the isolation of the ascospores was to 
strip off a bit of the epidermis of a cornstalk bearing the perithecia 
and wash it in several changes of sterile distilled water. Then it was 
placed in a sterile Petri dish and the excess water allowed to evaporate. 
The dish with cover removed was placed under a dissecting micro¬ 
scope and an individual perithecium was picked off mth a small 
flattened needle and placed in a drop of distilled water on a flamed 
microscope slide. The perithecium was then crushed between the 
slide and a flamed cover slip. The asci and spores thus removed 

1 Received for publication May 2, 1935; issued September, 1935. Cooperative investigations by the 
Wisconsin Agricultural Experiment Station and the Division of Cereal Crops and Diseases, Bureau of 
Plant Industry, U. S. Department of Agriculture. 

2 The writer acknowledges his indebtedness to J, G. Dickson, professor of plant pathology, Wiswnsin 
Agricultural Experiment Station, under whose direction this work was undertaken, and to J. G. Walker, 
professor of plant pathology, Wisconsin Agricultural Experiment Station, and Helen Johann, associate 
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from tlie confines of tlie fruiting body were observed under the 
microscope to determine tbeir stage of maturity. Experience has 
shown that apparently there is a rather definite stage in the develop¬ 
ment of the asci and ascospores before or after which ^ successful 
isolation of a set of eight spores from a single ascus is impossible. 
If the spores are immature, although they may be well defined within 
the ascus, they are difl&cult to remove. Furthermore, germination 
of the spores either does not take place or is at best very weak. If, 
on the other hand, the contents of the perithecium have advanced 
beyond the desirable stage of development, the spores are liberated 
from the ascus while the latter is still within the perithecium, thus 
making it impossible to isolate the spores with regard to the ascus in 
which they were borne. 

Spores and asci that had attained the proper stage of maturity, 
as determined by observation, were picked up with a fine wire loop 
along with the water in which they were suspended, and the sus¬ 
pension was streaked over the surface of hard 4-percent water agar 
contained in Petri dishes. After about 5 hours^ incubation at 24^^ C., 
the spores within the asci showed germ tubes, approximately one-half 
the length of the spore, protruding tlirough the ascus wall. With the 
aid of the low power of the microscope the locations of asci bearing 
eight germinating ascospores were marked by scarifying the surface 
of the agar adjacent to each ascus. When a sufficient number of 
asci had thus been located, the agar plate was placed under a dissect¬ 
ing microscope, and each ascus was moved across the surface of the 
agar to an area free from spores and fragments of the perithecial 
wall. With the asci thus removed from extraneous material and 
separated at sufficient distances from each other, the spores were 
^leased out of each ascus and separated from one another at con¬ 
venient distances within the field of vision. All manipulations, 
including the separation of the asci from spores and other material 
and the removal of spores from the asci, were done by hand with the 
aid of a sterilized fine glass wire 2/x to 3/i in diameter and bent to form 
a right angle or seniiloop. After the spores were removed from the 
asci and separated from one another they were examined under the 
microscope and then allowed to continue germination for a period of 
about 3 hours. By means of a small loop cutter 0.5 mm in diameter, 
a cylinder of agar was cut around each spore and the entire piece of 
agar vith the spore on its surface was lifted out and placed in the 
center of a Petri dish containing hard potato-dextrose agar. Each 
plate was placed under a miscrosope and again examined to make 
certain that only a single ascospore had been transferred. 

Hyphal-tip cultures were obtained by the same general method as 
that just described for single ascosporic cultures. After the eight 
spores from a single ascus had been separated from one another, they 
were allowed to continue germination until the germ tubes were 5 to 
6 times the length of the spore. By means of a fine sterilized glass 
needle a light scratch was made across the tip of the germ tube, back 
of a septum, severing it from the spore proper. The free hyphal tip 
was picked up and placed in the center of a Petri dish containing 
hard potato-dextrose agar. Two hyphal tips were thus cut off from 
each spore and grown in separate Petri dishes. 
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A system of numbering was devised wliereby the cultures and cul¬ 
ture sets just described could be designated. In this system a number 
was given to each culture that would indicate the State, the location 
in the State where the collection was made, the perithecium, the ascus 
from which the eight spores were isolated, and finally the single asco- 
spores or hyphal tip from which the culture was grown. In table 1 
are given the culture sets used, together with the location where the 
original perithecial material was collected and the date on which the 
isolation was made. 


Table 1. —Cultures used in the investigations reported in this paper^ together with 
the origin of the perithecial material and the date of isolation 


Culture no. 

Origin of perithecial 
material 

Date of 
isolation 

Culture no. 

Origin of perithecial 
material 

Date of 
isolation 

Ill. 111-1 to 7. 

Mineral, Ill.. 

ms 

July 14 

Minn. 111-1 to 8_ 

Olivia, Minn 

ms 

Juiv 17 

Ill. 121-H. T 1. 

_do__ 

Do. 

Minn. U2-H. T.._ 

_ dn_ _ - _ 

Do. 

Ill. 132-H. T. 

.do__ 

Oct. 15 

Minn. 211-1 to S—- 

Alpha,, IVtinn 

Nnv. 2 

Iowa 111-1 to 8_ 

Calumet, Iowa_ 

July 14 

Minn. 212-1 to 8... 

. dA . 

Do. 

Iowa 211-1 to 8. 

Iowa 221-1 to 8_j 

West Liberty, lowa. 

July 28 
Oct. 15 





1 Hyphal tip. 

CULTURAL STUDIES 


In order to obtain some information as to the range, type, and 
factors influencing variability in cultural characters, four different 
experiments were set up. In these experiments potato-dextrose agar 
and a modification of Brown’s agar were used. Each subculture 
studied was grown from a single conidium unless otherwise indicated. 
Isolations of single conidia were made by streaking a spore suspension 
over the surface of hard agar and allowing the spores to germinate. 
After germination liad commenced the spores weie picked up singly 
and placed on the particular agar medium on which thev were to be 
grown. The quantity of agar used in the Petri dishes in which the 
single-spore colonies were grown was approximately 20 cc. The 
colonies were allowed to develop in the dark at room temperature, 
wliich varied between 21° and 23° C. At the end of 5 days, except 
in case of first isolation, descriptive notes were taken on each culture 
with respect to color, type of growth, diameter of colony, type of 
margin, and the expression of zonation and radiation. iJthough it 
is admitted that descriptive notes do not adequately convey a picture 
of the real differences and changes that occurred in the cultures, 
nevertheless, such notes, together with photographs, are of value in 
recording the major variations in cultural behavior. 

The following is a brief description of the original colonies grown 
at room temperature for a period of 4 days: 

Color of colony, pomegranate purple ^ concentrated in a central area 2 to 3 cm 
in diameter and gradually fading to white toward the edge of the colony. Aerial 
mycelium abundant, extending over the entire colony, and of a cottony texture. 
Margin of colony, generally regular and entire. No pronounced zonation or 
radiation detectable. Colony diameter, 8 cm. 

3 Ridgway, R. coloe standaeds axd xomenclatuee. 43 pp., illus. Wasliington, D, C. 1912. 
















Fiores' 2.~-Foar pai^ (A-D) of fayphal-tip colonies at 4 days of age. The two members of a pair were 
grown, respectively, from hyphal tips arising from op^site ends of a germinating ascospore. 

EXPERIMENT 1 

Experiment 1 was designed to study the effect of the medium and 
the cultural technic on the changes in cultural characters. Eight 
sihgle ascosporic cultures from an individual ascus were employed in 
the experiment. The eight original colonies were strikingly similar in 
appearance (fig. 1). Duplicate mass transfers were made from each 
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The foregoing description applies to all of the original isolates, 
whether grown from ascospores or hyphal tips (figs. 1 and 2) and 
regardless of their geographical origin. These isolates constitute a 


Figure L—Eight single ascosporic colonies at 4 days of age, growm from the eight ascospores of a single 

ascus. 

type always encountered on first isolation and referred to in this 
paper as “type A.” 
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of the colonies, one transfer to a slant of potato-dextrose agar and the 
other to a slant of modified Brownes agar. Three days later, spore 
suspensions were made in these culture tubes and single conidial 
isolations were made in triplicate from each culture. Part of the spore 
suspension was used to seed fresh slants of agar from which single 
conidial isolations were again made 3 days later. This procedure 
of subculturing from slant cultures that had been transferred every 
3 days was repeated 28 times. 

During the course of the experiment several of the cultures showed 
marked changes in cultural behavior from that of the original 
ascosporic culture. In the cultures propagated on potato-dextrose 
agar, nos. 1, 2, 4, 6, and 7 were strikingly different by the end of the 
experiment, while nos. 3, 5, and 8 remained constant (fig. 3). Of the 
cultures grown on modified Brown's agar, only no. 7 maintained its 



Figure 3.—Eight monoconidial colonies alter having been subcultured 28 times on potato-dextrose agar. 
Originally, these cultures were all similar in appearance and were derived from the eight ascospores of a 
single ascus. Nos. 1, 2, 4, 6, and 7 were strikingly different at end of exxieriment. Nos. 3, 5, and 
8 remained constant. 

original appearance, the others having changed decidedly in cultural 
behavior (fig. 4). 

It is apparent that the medium on which the cultures were grown 
had no influence in determining the extent and magnitude of variation 
that occurred in cultural characters. Duplicate cultures, each on a 
separate medium, did not behave in a manner that would indicate 
their relationship. If the capacity or tendency of a culture to vary 
in its behavior while growing under artificial conditions is associated 
with its genetic constitution, then it is not unreasonable to expect 
cultures arising from the same original ascosporic colony to behave in 
a similar manner unless irregularities nf one sort or another have 
occurred. Under the conditions of the experiment, in which consid¬ 
erable care was taken to maintain the cultures at a constant environ¬ 
ment, there seemed to be no uniformity in the changes that the 
cultures underwent, regardless of their origin or the media used. 
The variant cultural types that appeared were generally characterized 
by a slower radial growth rate and a decrease in abundance of aerial 
mycelium. 
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EXPERIMENT 2 

The primary object of experiment 2 was to determine what influence 

the frequency of transfer might have on the cultural behavior of a 
set of eight single ascosporic isolates from the same ascus. 

Duplicate transfers were made from the eight original colonies, 
which were essentially alike in appearance, to slants on modified 
Brown’s agar. One of these sets of slant cultures was subsequently 
transferred every 4 days, the other set every 8 days. Each time the 
cultures were transferred single conidial isolations were made in 
triplicate from each isolate. _ 

During the course of the experiment the majority of isolates 
changed in cultural appearance. There was apparently no difference 
in behavior between the isolates of the group transferred every 4 days 
and those transferred every 8 days. The time elapsing before the 
changes became evident and the extent and the magnitude of these 



PiGDRE 4.—Duplicates of colonies shown in figure 3 and originally derived from the same ascus. They were 
subcultured 28 times on modified Brown’s agar. Nos. 1 to 6 and 8 changed in cultural behavior. No. 7 
remained constant. 

changes in cultural type were essentially the same in both groups. 
The results from this experiment, like those from experiment 1, 
seemed to indicate that changes in cultural characters were not of a 
systematic, genetic nature. 

EXPERIMENT 3 

Studies were made to determine the effect of continued subculturing 
on the stability of a set of eight single ascosporic isolates from an individ¬ 
ual ascus. In experiment 3 the isolates were propagated only in Petri 
dishes instead of in culture tubes, as in experiments 1 and 2. As in 
the other experiments, the original ascosporic colonies were alike in 
cultural appearance. When the original ascosporic colonies were, 6 
days old a spore suspension was made in each dish containing a colony, 
and from each, single conidial isolations were made in triplicate. 
Although this procedure was continued for 10 successive conidial 
generations, no changes in cultural behavior became evident. Each 
of the 8 cultures was now transferred to a slant of modified Brownes 
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agar and subsequent transfers were made every 6 days. At each time 
of transfer single conidial isolations were made in triplicate from 
each of the cultures. After the second transfer on agar slants, changes 
in cultural characters began to appear in two of the isolates. The 
variant cultural types were characterized by a reduced growth rate 
and a decrease in aerial mycelium. 

EXPERIMENT 4 

The object of experiment 4 was to determine what effect continued 
subculturing might have on single cultures. Only 2 cultures were 



ooooo poooo ooooo 00009 00000 90000 



o, type-a colony 

Figure S.—Diagram of procedure followed in experiment 4 in the use of culture Ill. 132-lA, Each circle 
represents a colony of monoeonidial origin isolated from a colony of the previous conidial generation. 

studied in detail, namely, Ill. 132-lA and lU. 132-lB-^ These were 
hyphal-tip cultures from a single ascospore and, on original isolation, 
were exactly alike in cultural behavior. From each of these 2 origi¬ 
nal cultures, 10 single conidial isolations were made and plated out 
on hard potato-dextrose agar. After these 20 cultures were 6 days 
old, single conidial isolations were again made from some colonies of 
the previous conidial generation. This procedure was continued for 
more than 16 conidial generations in the culture Ill. 132-lB and 12 
conidial generations in the culture Ill. 132-lA (figs. 5, 6 ). 
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In the first conidial generation of culture Ill. 132-lB all of the 
10 colonies were alike and similar to the original parent colony, that 


ORIGINAL HYPHAL-TIP CULTURE ■ 


■? 


SLANT CULTURE- 


SUBCULTURES— 


- 00 Cj ) 0 ' 


iQOOOQO 


©©©' b0( j)Q0''^0Cj)00' 


000©Q ©Q©Q© 


C j)QQOO 


ooooo ooooo ooooo 




oooc 


oop©© oo©©© ©@®©o ooooo ooooo 






ooooo ooooo ooooo 


OOOCjlC 

o(j)oo( j) cjiooo cj) yooocg^ 


oo oop o< ^© 


7L,. 

oo 000 oo ooo oo ooo 


1 


GQOQ® 00©@^ ©®®©© 


ooooo 0©0®@ ©O' 


o©©©© 


00009 00j)00 P9000 

'OQOOO 90000 "'OQO 0 O^ 


D9Q< 




ooooo ©oo©© ©©(j 30 © 


00900 


0000© 


ooeo© 


OOQOO Qooyo OOOOCj) 


0000 OOOOO 


o©©©o 


00009 


OOOOO 09000 ooooo 


' 00 ®( 5 >< 9®00 


09000 0009© ooo© 


‘00909’ 

'ooooc 

'©oooo’ 



L_L 


ooooo ooooo ©oooo GO©©® 


O, TYPE-A COLONY 

® , TYPE-A COLONY WITH TYPE-BSECTOR 
TYPE-B COLONY 

TYPE-B COLONY WITH LIGHT SECTOR 
O. TYPEC COLONY 

©, TYPE-A COLONY WITH TYPE-C SECTOR 

TiGtJEfi 6.--Bfegraia of procedure used in experiment 4, in which culture Ill. 132“1B was employed. 
E®ea circle represents a colony of monoconidial origin isolated from a colony of the previous conidial 

generation. 

is, type A. In the second conidial generation 5 spores selected from 
one of these colonies produced 5 colonies, 3 of which were alike but 
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differed distinctly from the parent colony in color, rate of growth, and 
type of growth. This cultural type \vill be refeiTed to as type B. The 
type-B colony, grown at room temperature for a period of 5 days 
may be described as follows: " ' 


Color of colony, pomegranate purple^ in central area 0.5 cm in diameter 
surrounded by yellow olivaceous zone that fades to pale yellow at edge of coioiiv. 
Aerial mycelium scant and extending to 1 cm from edge of colony. Margin 
regular and entire. Color zones as described, radiations in yellow* olivaceous 
zone. Diameter of colony, 5 cm. 


The fourth colony was like the parent colony, and the fifth, although 
resembling the parent colony in the main, had a small sector re¬ 
sembling the type-B colony (fig. 7). Subsequent isolations from 
type-A colonies of this line produced type A, type B, and type A 
with type-B sectors. Further isolations from type-B colonies alwaj's 



Figure 7.—Five single conidial colonies at 5 days of age, all of which were isolated from a type-A colony. 
A, Colony of type A; J3, D, E, three colonies of type B; C, colony of tjTpe A with a type-B sector. 


gave rise to colonies resembling the type-B parent, although fre¬ 
quently, after the colonies were 5 days old, light-colored sectors 
appeared in some of these type-B colonies. 

The type-A colonies from, the other lines remained constant until 
the twelfth comdial generation, when one colony produced a type-C 
sector. Isolations from this colony gave rise to colonies of type C, 
t 3 rpe A, and type A with type-C sectors. Subsequent type-A colonies 
remained constant, as did the type-C colonies. The following is a 
description of the type-C colony: 

Color of colony, spinel pink ^ in central area surrounded by narrow zone of 
pomegranate purple,^ which, in turn, was surrounded by a zone of spinel pink, 
which faded gradually to white at edge of colony. Aerial mycelium abundant, 
extensive, and of a dense cottony texture. Margin regular and entire. Color 
zonation as indicated. Radiations in spinel-pink zone. Diameter of colony, 
6.5 cm. 


< Eidgway, R. Seeiootnote 3. 
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The culture Ill, 132-lA was studied parallel with Ill. 132~~1B. 
During the coui-se of 12 conidial generations no deviations from the 
original cultural type were found, that is, all colonies were of type A 
throughout the experiment. 

In tliis experiment, as well as in the experiments reported earlier 
in this paper, the results appear to lend themselves to 1 of 2 possible 
interpretations: (1) Variations in cultural behavior may have been 
the result of a reassortment and somatic segregation of nuclei of 
different potentialities that arose through atypical division, or (2) 
they may have resulted from a fortuitous change in the arrangement 
and organization of heritable material. The latter interpretation 
appears to be the more tenable, and until a detailed and comparative 
cytological study of the variant and normal type cultures is made 
tiie possibility of atypical nuclear divisions and subsequent reassort¬ 
ment of these nuclei to account for variation can be advanced only 
as a hypothesis. 

It is not sui-prising that greater variation in cultural behavior was 
found in cultures propagated on agar slants than in those carried 
in Petri dishes. On the limited surface of the agar slant these 
variations may take place without being observed; in subsequent 
mass transfers to fresh agar slants a large number of spores and 
mycelial fragments are carried over, some of which may be of one 
or more variant cultural types. Continued transferring may well 
eliminate one or another type until a practically pure cultme of a 
particular and distinct appearance is obtained. Where cultures are 
carried in Petri dishes and only relatively few spores are isolated 
from a given colony, the chances of obtaining a variant type culture 
are considerably reduced even though the variant type may be 
present but unobservable in the parent colony. If a larger number 
of conidia had been isolated from colonies carried in Petri dishes, 
then perhaps greater variation would have been observed. 

PATHOGENICITY STUDIES 

The pathogenicity studies were undertaken not only with the 
object of determi^g the relative virulence of the various cultures, 
but also with a view to finding a possible correlation between colony 
type and degree of virulence. 

These studies were conducted in benches in the greenhouse where 
the soil temperature was maintained between 15° and 18° C. The 
relatively low soil temperature was selected in order to produce a 
sufficient amount of infection to obtain a differential in virulence 
between the cultures. Dickson {9Y has already pointed out that 
seedling blight of com,^ caused by Gibberella saubinetii, is favored by 
soil temperatures ranging from 8° to 20°, whereas at temperatures 
above 24° no blighting occurs. No attempt was made to control 
moisture other than to maintain the soil at a moisture content that 
would permit normal growth and development of the seedlings. 

Two lines of com, obtained through the department of plant pa- 
thology of the University of Wisconsin and produced by J. R. Holbert 
at Bloomington, Ill., were used in the experiments. One line, desig- 
nated as R 4, has proved for a period of years very susceptible to 

»Befwmw is imd© by number (italic) to Literature Cited, p. 161. 
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seedling blight; while under comparable conditions, the other line, 
Brio, has been relatively resistant. The line R4 was used in all 
series of the pathogenicity studies, whereas BrlO was used only in 
series 6 and 7. In all, 45 single isolates, the cultural behavior of 
which had not been followed so much in detail as had those isolates 
used in the section called ^'Cultural Studieswere employed in the 
first five series of the experiment. Most of these were single asco- 
sporic cultures from individual asci; a few of the cultures, however, 
were grown from isolated hyphal tips of germinating ascospores. Origi¬ 
nally all of these isolates were alike in their cultural behavior; after 
being propagated for a comparatively short time on potato-dextrose 
agar, however, certain variations in their appearance became evident. 
In order to study these variations in greater detail single conidial 
isolations were made of each isolate where this was possible. In 
certain variant types spores were no longer produced and hyphal tips 
were isolated from the mycelium. Descriptive notes and photo¬ 
graphs of these cultures later proved useful in making correlations 
between colony type and virulence. 

Inoculations were made by immersing 50-kernel samples of corn in 
a suspension of spores and mycelial fragments from an individual 
culture. Since an extreme variation existed in the sporiilation of the 
cultures, ranging fro.m those in which conidia were very abundant to 
those in which none were produced, standardization of the inoculum 
was impossible. Notes on the relative abundance of sporiilation of 
each culture were taken to determine whether a correlation existed 
between the abundance of conidia and virulence. After the corn 
kernels had been soaked in a suspension of a single culture for 3 to 5 
minutes they were planted in the soil in the bench at a depth of 1 
inch. Check plantings were immersed in sterile distilled water for 
the same period of time and planted in the same bench. 

When the control seedlings, grown from the uninoculated seed, had 
reached the third-leaf stage, which required about 30 days at this 
soil temperature, both the inoculated and uninoculated lots were 
removed from the soil and classified according to the severity of 
infection. The classes in which the seedlings were placed were as¬ 
signed arbitrary values ranging from 10 for healthy seedlings to 0 for 
those that failed to emerge because of disease. The number of seed¬ 
lings in each class was multiplied by the given value of that class and 
the sum of these values for each class was divided by the number of 
kernels planted. If the quotient is subtracted from 10, the resulting 
value represents the disease index. Thus, a disease index of 10 
indicates that all seedlings had been killed before emergence, whereas 
a disease index of 0 indicates that all seedlings emerged and were 
healthy. 

The disease indices of the cultures for each of the five series, together 
with an average disease index for each culture for all series, are given 
in table 2. It will be seen at once that there were wide differences 
in pathogenicity in the cultures. In the set of cultures Iowa 211-1 to 
8 , originally grown from the eight spores, respectively, of a single 
ascus, such differences are strikingly evident; the average disease 
indices range from 3.17 to 9.75, showing an extreme difference of 6.58. 
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Table 2. — -Disease indices of cultures of Gibberella saubinetii used in inoculation 
studies on an inbred strain of corn, R4 


Disease indices for— 


Culture no. 

Series 1 

Series 2 

Series 3 

Series 4 

Series 5 

Average 

Individual 

cultures 

for— 

Set of 
cultures 

Ill. 111-1-- 

7.76 

5.54 

4.08 

8.20 

8.40 

6.79 


. 

3.46 

2.88 

2.68 

6.44 

6.60 

4.21 


. . . 

8. 66 

7.92 

6.68 

9.12 

8. 52 

8.18 


-4... 

4.00 

2.78 

1.12 

4.92 

2.96 

3.15 

4.66 


5.38 

4.02 

.86 

2.58 

2.12 

2.99 


-fi _ _ -. 

2.82 

1.20 

.88 

2.44 

2.54 

1.97 



6.10 

4.30 

2.84 

6.84 

6.48 

5.31 


III. 121-lA.. 

9. 60 

9.32 

8.66 

10.00 

9.72 

9.46 


-IB____ 

6.16 

6.50 

3.56 

7.74 

6.40 

6.07 


-:iA- . .. 

6.90 

7.00 

4.44 

8.44 

7.10 

6.77 


-SB.-. 

9.62 

9.84 

8.98 

9.96 

9.66 

9.61 

) 6 55 

-5 A.... 

5.16 

3.48 

2.48 

6.24 

5.68 

4. 61 


-5B....___ 

7.34 

6.24 

4.18 

9.24 

8. 24 

7.05 


-ISA.-.-. 

1.40 

1.82 

.64 

1.24 

2.96 

1.61 


-HB.-. 

7.12 

5.66 

6.58 

9.28 

7.48 

7.22 


Iowa 111-1. 

.86 

1.20 

.48 

.80 

1.24 

.91 


-2. 

6.68 

4.98 

3.00 

6.76 

5. 36 

5.35 


-3 . 

7.40 

5.34 

3.82 

8.88 

6. 76 

6.44 


-4...... . 

5.12 

3.72 

2.72 

5.92 

5.60 

4.61 

A. on 

-5. 

2. 26 

1.40 

.72 

1.94 

1.40 

1.54 


-f) . 

.80 

.66 

.32 

1.84 

1.00 

.92 


-7 --- 

8.00 

6.34 

4.48 

8.34 

7. 72 

6.97 


-8 .-.. 

7.10 

1 7.78 

3.92 

8.64 

7.60 

7.00 


Iowa 211-1.-. 

9.06 

9.10 

8.60 

9.96 

8. 54 

9.05 



6.42 

5.06 

4.56 

7.66 

7. 08 

6.15 


-3 . 

4.88 

1.90 

2.34 

1.86 

4.86 

3.17 


-4 ... 

10.00 

9.88 

9.24 

9.92 

9. 72 

9.75 


-5 . 

5. 56 

5.22 

.66 

2.74 

2. 22 

3.30 

> /• u/ 

-6 . 

9.42 

9.62 

9.36 

9.96 

9.74 

9.62 


-7 

10.00 

9.72 

9.06 

9.90 

9.54 

9.(54 


-8. 

9.86 

8.84 

8.30 

9.48 

8.90 

9.07 , 


Minn, lil-l .-. 

4.30 

2.36 

2.12 

5.78 

4. 52 

3.81 



1.00 

1.32 

.40 

1.70 

1,12 

1.11 


-3 . 

Ziyi 

1.64 

.60 

2.36 

2. 60 

1.97 


-4 .- 

1.04 

.88 

.32 

1.01 

1.04 

.86 

O e e 

-5 . 

8.74 

8.00 

6.48 

9.84 

9.64 

8.54 

> O. 00 

-ft. 

1.16 

.72 

.52 

1.40 

1. 00 

.96 



3.76 

3.86 

1.28 

5.82 

4.50 

3.84 


-s . 

7.42 

6.76 

5.94 

7.88 

8. 58 

7.31 , 

1 

Minn. 112-4 A. .. 

5.86 

2.52 

.68 

3.92 

1. 52 

2.90 


-4B . 

2.14 

.94 

.20 

2.40 

.64 

1.26 


-6A . 

1.78 

1.24 

.44 

1.46 

1. 00 

1.18 

1.36 

-6B . 

.86 

1.68 

.54 

1.04 

1.06 

1.03 

-7A .. 

.80 

.68 

.92 

1.54 

1.62 

1.11 


-7B . 

.80 

.80 

.48 

.76 

.44 

.65 


Average indices for all 








cultures in each 








series . 

5.29 

4.50 

3.36 

5.65 

5.12 



Average for control 







plantings - 

.79 

.65 

,62 

1.09 

1.37 











Ill every case type-A colonies showing rapid radial growth along 
with an abundance of aerial mycehum were highly pathogenic. No 
colonies showing this tyjie of growth were weakly parasitic. A few 
coloniesj however, that did not exhibit such cultural characters were 
rather virulent. Nevertheless, the indications are that rapid mycelial 
growth and abundant aerial mycelium are directly correlated with a 
high degree of pathogenicity in the majority of cases. There may, 
however,^ be stiU other factors responsible for pathogenicity. Similar 
ob^rvations on species of Fusarium have been made by other workers. 
Bi^wn (S), working on certain fruit-rotting species of Fusaria, has 
pointed out that the mycehal type of culture is the most pathogenic. 
He also state^ that this type of growth is the form found on first isola¬ 
tions from diseased tissue. Harvey (If), in a study of the parasitic 
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abilities of cultures of F. fructigenum Fr., found that high virulence 
was correlated ■with vigorous mycelial growth. 

T^e data obtained on the relative sporulating ability of the cultures 
indicate that no positive correlation exists between sporulation and 
pathogenicity. Some of the most virulent cultures, as well as those 
that show very weak parasitic tendencies, produce conidia in abun¬ 
dance. Likewise, cultures that jiroduce very few spores may or mav 
not be pathogenic. The sporulating ability of the cultures used in the 
pathogenicity_ studies was determined by observing the relative num¬ 
ber of spores in a drop of inoculum. No actual counts were made. 



Figure 8.-^1, Com seedlings of resistant line, Brio, each row inoculated with a single culture. Note the 
difference in virulence between the cultures ased. B, Corn seedlings of susceptible line, 114, inoculated 
with the same cultures as in A. Note the relative susceptibility of Ri. 


In two additional inoculation series (series 6 and 7) both inbred 
lines of com, R4 and BrlO, w^ere used. In these series an entirely 
different group of cultures was employed. The same general results 
were obtained as in the first five series, that is, high virulence was 
directly correlated with rapid mycelial growth and vigorous aerial 
mycelium. No indication was found of selective pathogenicity of 
cultures between two lines of com, all cultures being more virulent 
on the susceptible line, Il4, than on the resistant line, BrlO (fig. 8 
and table 3). 
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Table 3. —Disease indices of cultures of Gibberella saubinetii used in inoculation 
studies on "2 inbred lines of corn, BrlO and R4 


Disease indices for indicated culture series on— 


Culture no. 

Inbred Brio 

Inbred R4 

Series 6 

Series 7 

Average 

Series 6 

Series 7 

Average 

Minn. 211-1... 

8.54 

7.62 

8. 08 

9.91 

9. 72 

9. 81 

-2..-. 

8.23 

7.80 

8.01 

9.85 

10.00 

9. 92 

-3..... 

8.00 

7.58 

7.79 

9.94 

10.00 

9. 97 

-4.... 

7,39 

6.58 

6. 98 

9.84 

9.68 

9. 76 

-5-_.. 

8.36 

7.94 

8.15 

9.74 

9.86 

9, 80 

-6... 

8.63 

7. 66 

8.14 

9.76 

9.20 

9. 48 

-7___ 

7.74 

7.90 

7. 82 

9.79 

9. 84 

9.81 

-8.-.. 

4.01 

2.94 

3. 47 

8.13 

7. 80 

7.96 

Iowa 221-1 (A). 

2.09 

2.56 

2.32 

6. 57 

5. 52 

6. 04 

-2...... 

2.53 

1.56 

2.04 

5.57 

5.24 

5.40 

-3,_. 

1.95 

1.12 

1.53 

5,40 

4. 28 

4.84 

-4. 

2.19 

1,24 

1.71 

3.99 

1. 60 

2.79 

-5. 

3.73 

6,12 

4.92 

7.35 

8.36 

7. 85 

-6. 

1.18 

.64 

.91 

1.14 

.52 

.83 

-7..... 

8.38 

7.12 

7.75 

9.96 

10.00 

9.98 

-8. 

5.42 

5.28 

6.35 

9.13 

9.32 

9. 22 

Ill. 132-1B-(B). 

2.01 

1.56 

1.78 

6.34 

5.46 

5.90 

1B-(B)-S. 

2.43 

1.44 

1.93 

5.35 

3.74 

4. 54 

ib-ca)... 

8. 72 

9.20 

8.96 

9.86 

9.76 

9. 81 

1B-(A)-S. 

4.42 

5.46 

4.94 

8.70 

8.88 

8. 79 

Cheeks (averages). 

1.02 

.58 

.80 

1.35 

1.19 

1. 27 


EFFECT OF PASSING CULTURES THROUGH THE HOST 

Experiments of a preliminary nature were conducted to determine 
what effect the parasitic habit might have on the cultural behavior of 
the fungus. 

Fifteen lots of corn seedlings, each of which had been inoculated at 
planting with a different isolate of known cultural behavior, were 
removed from the greenhouse bench, surface-disinfected, and the 
diseased tissue plated on hard potato-dextrose agar. After 3 days the 
fungus had grown out of the diseased portion and could be readily 
identified as Gibberella saubinettii. Mass transfers of apparently pure 
cultures were made to plates of potato-dextrose agar and 5 days later 
cultural characters were studied and recorded. 

In all cases the reisolated cultures were the same in their cultural 
behavior as at the time of inoculation, indicating that the sojourn 
within the host tissue, which was about 1 month, had no perceptible 
influence on the cultural characters of the fungus. These results are 
not in accord with the findings of Burkliolder (4) in a species of 
Fusarium. He reported morphological and physiological changes 
attending F. martii phaseoli Burk, when kept in culture for a long 
period of^ time, but after inoculation and reisolation the fungus 
assumed its original cultural aspects. He also noted that loss of 
virulence was restored after two inoculations and reisolations. Coons 
and Larmer (7) found that aberrant cultures of Cercospora beticola 
Sacc. have a tendency to revert to the original form after inoculation 
and reisolation from the host. 

DISCUSSION 

Throughout the present investigations it has been definitely shown 
that condderable variation exists among single ascosporic cultures and 
hyphahtip cultures of the fungus Gibberella saubinetii while growing 
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under an artificial environment. Tins variability has been expressed 
both in cultural behavior and pathogenicity. 

An extensive volume of literature has been devoted to the subject 
of variability of fungi in pure culture. Most of the authors, however, 
simply report the occurrence of the variations as differences in cul¬ 
tural behavior, morphology, physiology, or pathogenicity, without 
attempting to analyze their true nature. 

Several different views regarding the nature of variations in fungi 
have been put forward by different groups of workers. Stakman (18), 
Christensen (6), and Stevens (19) believe that most of the variability 
in fungi probably is due to true mutation or saltation similar to 
bud mutation in the higher plants. Brown (^) and Mohendra (17) 
also are of the opinion that variants arise as true mutants. I^a Rue 
( 14 ) suggests that loss of virulence in pathogenic fungi is brought 
about by the appearance of saprophytic strains, which arise as mu¬ 
tants that are able to thrive better under artificial culture and thus 
outgrow the parasitic strains. 

Caldis and Coons (5) have demonstrated that certain variations in 
the fungi were^ of a more or less permanent nature and probably in¬ 
duced by nutritional disturbances or a poisoning of the protoplasm. 
These writers regard such variations as similar to the ‘‘Dauermodifi- 
cation'’ described by Jollos (IS) for certain Protista. 

Holton (12)j substantiating some of Dickinson’s work (8), has 
suggested that in some of the smuts, and in other fungi where true 
sexuality exists, delayed segregation of certain heritable factors may 
account for the appearance of variants. 

Leonian (IS, 16) has explained variation in the fungi as a natural 
phenomenon whereby the culture traces the variability of the species. 
Attempts by that author to induce mLxochimaera in Fusarium monili- 
forme Sheld. were unsuccessful. After two distinct isolates had been 
grown in combinations for a period, reisolation revealed both parent 
strains and in addition a new type. The latter w^as believed to be a 
dissociant of one of tlie parent strains and not a heterotype resulting 
from anastomosis and intimate association of the protoplasm of the 
two parents. 

In opposition to this opinion, Brierley (1) holds that the appearance 
of variants in many instances may be accounted for by a hetero- 
caryotic condition of the original isolate, and that through subsequent 
culturing a reassortment of nuclei may take place that gives rise to 
cultures phenotypically divergent from the parent. Brierley further 
states that true mutation, defined as fundamental change in one 
or more of the hereditary units, and carried from one generation to 
another”, has not been adequately shown in the fungi. He concedes 
the possibility of aberrant nuclear divisions by virtue of wliich new 
forms might arise. ^ Hanson and Smith (10) have brought out experi¬ 
mental evidence with Botrytis in support of Brieiiey’s contention that 
a reassortment of the nuclei of a heterocaryotic isolate may give rise 
to strains differing from the original. 

In regard to the pathogenicity of different cultures, Tanja (20), 
wmrking with three isolations of GibbereUa saubinetii procured in cul¬ 
ture from different sources, found that they differed from one another 
in virulence. Tu (21), in an investigation of species of Fmarium 
causing head blight of small grains, has shown that three isolates of F. 
graminearum Schwabe could be separated on the basis of their viru^ 
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on scivcral varieties of wheat and on their growth rates. Some 
siHonna.tion coucerning the changes that went on in the cultures em¬ 
ployed by these workers before they were tested for pathogenicity 
would b(^ of interest. 

1 luitui'c of the variability observed in the investigations re- 
portrul here (loes not appear to be directly due to a condition of 
jH^.tiM’oenryosis in the original isolates. Theoretically, the four nuclei 
tn an ase(>s])ore are of the same genetic constitution, and if segregation 
o<auirs it takes place in the ascus before the spores are formed, Like- 
wis(^, ail nuclei in the hypha of a germinating ascospore have their 
origin in the mother nucleus of the cell from which the hypha was pro- 
duiaal, and should be genetically alike. Under these assumptions, 
barring any abeiyant nuclear divisions, duplicate ascosporic cultures 
Irom a, common isolate and hyphal-tip cultures from the same asco- 
spoi‘(^. shoidd behave in the same manner. 

Whether aberrant nuclear divisions occur would be diflS.cult to de- 
t(n*mioe cytologically with the material used in these studies. If 
atypical! divisions of the nuclei take place, it is conceivable that only 
a l(jw of such aberrances could, through the reassortment and segre¬ 
gation of^ the nuclear complex of a single culture, give rise to forms 
diHV.riiig in several respects from the original cultural type. There 
is also the possibility, and this is perhaps the most tenable explana¬ 
tion, that variations in cultural behavior and pathogenicity in this 
organism are brought about by gene changes or chromosomal aberra- 
i ions. ^ That the variant types have appeared rather suddenly and 
have in some cases passed unaltered through the ascigerous stage 
strengthens this supposition. 

In the experience of the writer, as well as of some other wcjrkers, 
abnormal cultural types were never found under natural conditions. 
Tliat these abnormal or variant forms are weak pathogenes may pre¬ 
clude their isolation from diseased tissue. In addition, it has been 
observed that few of these forms pass through the ascigerous stage, 
which may account for their absence from the isolations made from 
perithe<*ial material. If these forms do exist in nature they probably 
do so a,s sapropliytes and are constantly being eliminated tlirough 
(‘ompotition and natural selection of the more vigorous forms. 

SUMMARY 

Single ascosporic and hyphal-tip cultures of Gibberella saubmetii 
(Mont.) Sacc. were studied in relation to cultural behavior and 
pathogenicity. 

The method employed in isolating the eight ascospores from a single 
ascus is described in detail. 

All original ascosporic and hyphal-tip isolates were strikingly 
similar in cultural behavior regardless of the locality from which the 
perithecial material was collected. During the course of the studies 
considerable variability was observed in cultural behavior. . The 
variation was more or less haphazard and did not appear as a result 
of an orderly segregation within the ascus. 

Wide differences were found among the isolates with respect to 
their ability to cause seedling blight on corn. Some isolates were 
liighly virulent while others were practically nonpathogenic. 

A direct correlation was found between colony type and virulence. 
Those cultures that showed a rapid radial growth and an abundance 
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of aerial mycelium were always liiglily pathogenic, idiereas those 
having a relatively slow growth rate and a pionnotes type of growth 
were generally poor pathogenes. No correlation could be established 
between abundant conidial production and degree of pathogenicity. 

Passage through the host apparently had no influence on the "cul¬ 
tural characters of the isolates. 

It is suggested that the variability observed in the present investi¬ 
gations may be due to 1 of 2 possiMe causes: (1) Abnormal nuclear 
divisions with subsequent reassortment and segregation of a new 
nuclear complex, or (2) the existence of true mutants. 
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RATES OF GROWTH AND NITROGEN ASSIMILATION OF 
HAVANA SEED TOBACCO' 

By M. F. Morgan, agronomist, and 0. E. Street, plant physiologist, Comiedicut 
(State) Agricultural Experiment Station 

INTRODUCTION 

This investigation was planned to furnish basic information for the 
intelligent study of fertilizer practices, vdth particular reference to 
quantity, source, and time of application of nitrogenous materials. 
It involved measurements of rates of growth and nitrogen intake of 
the Havana Seed tobacco crop in the Connecticut Valley during the 
5-year period 1929-33. The various plant parts (roots, stalk, crop 
leaves, sucker leaves, and seed pods) were differentiated in the analy¬ 
ses; hence, a picture of the increase in dry weight and total nitrogen 
content of this crop is presented by the data. 

No effort has been made to interpret these data in relation to 
the various theories concerning the mathematical laws underlying 
growth rates, but it is hoped that those interested vill avail them¬ 
selves of this material to test the validity of these theories. 

PREVIOUS INVESTIGATIONS 

Kosutany ^ presented data on the total dry weight and cheinioal 
analysis of tobacco at six dates, from the transplanted seedlings on 
May 31 to the time of ripening of the seeds on September 17. For 
comparison with data in the present study, his results, calculated in 
pounds per acre on the basis of an equal number of plants per acre, 
are shown in table 1. As to whether the total weight of the plants 
included roots was not stated. 


Table 1. —Total dry weight and nitrogen content of tobacco during its development 

{after Kosutdny) 


Age of plant 
in field (days) 

Total dry 
weight 
(pounds 
per acre) 

Total 
nitrogen 
(pounds 
per acre) 

Nitrogen 

Age of plant 
in field (days) 

Total dry 
weight 
(pounds 
per acre) 

Total 
nitrogen 
(pounds 
per acre) 

Nitrogen 

0 

10. S 

0.20 

■ ■ 

Percent 
, 1.85 

55.. 

1,230.0 

36.60 

Percent 

2.98 

21 .. 

' 81.0 

2.20 

2. 72 

77__ 

4,708.0 

110.60 

2.35 

43__ 

1 643.6 ' 

1 22.60 

i s’. 51 

99.1 

4,100.0 

94.20 

2.30 


Davidson ® in data based on the average of three tobacco varieties 
at three stages of growth (plant bed, topping, and cutting) shows 
average nitrogen contents of 2.88, 2.97, and 2.73 percent, respectively, 
at the successive stages, for the whole plant. The leaf at the topping 
stage contained 4.40 percent of nitrogen, as compared with 3.66 
percent at cutting time. 

^ Received for publication Mar. 16,1935; issued September, 1935. 

^ 2 Kosutany, T. chemisch-physiologische untersuchung characteristischeren tobaksorten 
UNGARNS. p. 41. Budapest. 1882. 

3 Davidson, R. J. analyses of parts of tobacco plant at different stages of growth. Va. Agr. 
Expt. Sta. Bull. 50 (n. s. v. 4, no. 3), pp. 35-52. 1895. 
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Garner and liis coworkers ^ measured the growth of tobacco at 
siiecessive stages on the basis of height of plant to lowermost leafless 
branch when different forms and amounts of nitrogen were applied^ 
in the fertilizer. Sigmoid growth cxiryes, with maximiiin mte of 
growth between August 11 and August 26, were obtained with ap¬ 
plication of no nitrogen and with 40 pounds of nitrogen applied as 
nitrate of soda. With 20 and 80 pounds of nitrogen applied as 
nitrate of soda, and 40 pounds as ammonium nitrate, all plants 
showed no significant reduction in rate of height growth during the 
final period (Aug. 26 to Sept. 4). The plants were not topped in this 
experiment. 

Yickery, Pucher, Wakeman, and Leavenworth^ have made studies 
of rate of growth and nitrogen assimilation of shade-grown tobacco 
in Connecticut based on results during one season. Their results 
include measurements of various forms of nitrogen in the plant. 
Roots were not included. Rates of dry-matter production and 
nitrogen intake follow trends in close agreement with the data here 
presented. 

Miller ® gives a comprehensive review of the literature dealing with 
theories in regard to rates of plant growth. 


PROCEDURE 


The plants measured in this experiment were selected from a plot of 
tobacco located on typical Connecticut VaUey tobacco soil (Merrimac 
sandy loam.) Pre^noiis to setting, heavy applications of fertilizer, 
containing 200 pounds of nitrogen (four-fifths as organic nitrogen, 
cliiefly cottonseed meal; one-fifth as nitrate of soda)," 100 pounds of 
phosphoric acid, and 200 pounds of potash, were made. Plants were 
collected at approximately 10-day intervals. Plants of the same 
apparent size as those withdrawn were tagged for identification to 
be measured at the subsequent period. In all cases the plants meas¬ 
ured were chosen as a fair average of the plot. 

The entire plant was removed, including all obtainable roots. 
The parts were separated and dried immediately in an oven. The 
number used for measurement ranged from 20 or more at time of 
setting to 1 after mid-season, in order to furnish a sufficient amount 
of material for analysis. 

After oven-drying, the various portions of the plant were weighed, 
ground, and analyzed for total nitrogen by the Kjeldahl method. 

At the time of topping for the tobacco on the plot, a sufficient 
number of plants were left untopped to provide samples of untopped 
plants up to the time of maturity of the seed pods, in comparison with 
those normally topped. 


4 Garner, W. W., Bacon, C. W ., Bowling, J. D., and Brown, D. E. the nitrogen nutrition of 
TOBACCO. L. s. Dept. Agr. Tech. Bull. 414, 78 pp., illus. 1934. 
s Vickery, H. B., Pucher, G. W., Wakeman, A. J., and Leavenworth, C. S. chemical investigations 

OF THE TOBACCO PLANT V. CHEMICAL CHANGES THAT OCCUR DURING GROWTH. Conn. State Agr, Expt. 
bta. Bui. 3<6. 1935. 

» Miller, E. C. plant physiology, with reference to the green plant, pp, 802-806. New York 
ana London. 1931. 
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DATA AND DISCUSSION OF RESULTS 

For the sake of brevity, the data for the individual years of the 
experiment (1929, 1930, 1931, 1932, 1933) are not presented. In all 
cases a similar growth curve was obtained. There was a considerable 
divergence in the time that elapsed before the beginning of the grand 
period of growth. In 1929 and 1933, maximum growth rate began at 
the thirty-fifth day; in 1930, at the thirtieth day; in 1931, at the fortv- 
fifth day; and in 1932, at the fiftieth day. The jields in the two 
latter years were abnormally low, wliile in 1930 the greatest growth 
was attained. In 1929 the crop was destroyed by hail at the sixtieth 
day, having then attained a growth similar to” 1933. In order to 
weight the data properly, the 1929 crop was assumed to have con¬ 
tinued to foUow the trend of the 1933 crop for the remaining time. 

The dry weights of the various plant parts, based on averages for 
the 5 years, are given in table 2. 

These data are shown graphically in figure 1 by means of smoothed 
curves. A differentiation of crop and sucker leaves on the topped 
plants was approximated, on the basis of unpublished data by Ber- 
thold ^ of studies made at Windsor in 1930. 

Table 2. —Dry weight and nitrogen content o/, a7id total quantity of nitrogen in^ 
various 'portio7is and the entire 'plant of topped and untopped Havana Seed tobacco, 
and also in the entire crop, at different times during the growth period, 1929-33 

[The data are averaged for a 5-year period and the mean age of harvest was 72 days] 

DRY WEIGHT 








Probable 

Age of plants in field (days) 

Roots 

Stalks 

Leaves 

Pods 

Total 

error of 
mean ^ 


Pounds per 

Pounds per 

Pounds per 

Pounds 

Pounds per 



acre 

acre 

acre 

per acre 

acre 


10.-. 

0.99 

3 0.96 

10.05 

12.00 

±0.76 

20..... 

2.23 

4.38 

30.50 


37.11 

±4.34 

30. 

12.73 

31.35 

145.92 


190.00 

±27.50 

40..... 

82.71 

189.05 

572.24 


844.00 

±143. IK> 


218.00 

502.00 

1,260.00 


1,980.00 

±219.00 

60: 







Topped 2. 

460.00 

1,059.00 

1,766.00 


3,285.00 

± 83.00 

tJntopped. 

70: 

Topped K. .... 

475.00 

1,375.00 

1,820.00 

iio.o 

3,800.00 

±172.00 

850.00 

1,592.00 

2,100.00 


4, 542.00 

±251.00 

Untopped___ 

900.00 

2,385.00 

2,190.00 

400.0 

5,875. 00 

±295.00 

80: 







Topped 2... 

1,443.00 

1, 947.00 

2,340.00 


5, 730.00 

±196.00 

Untopped__ 

1,475.00 1 

3,040.00 

2,490.00 

775.0 

7,780.00 

±313.00 


’ i 





! 

TOTAL QUANTITY OF NITROGEN 

10. - -.-. 

0.03 

3 0.03 

0.37 


0.43 

0.04 

20.^...-. 

.06 

.15 

1.13 


1.34 

.37 

30.. ... 

.35 

.98 

5.61 


6.94 

1.37 

40... 

2.19 

5.37 

22.55 


30.11 

6.48 

50... 

4.86 

12.40 

49.14 


66.40 

7. 95 

60: 







Topped 2..... 

8.97 

22.03 

64.99 


95.99 

4.96 


9.03 

28.46 

68.25 

6.50 

112.24 

7.66 

70: 

Topped ... 

14.45 

28.62 

69.30 


112.37 

7.54 

Untopped..— 

14.22 

40.55 

73.80 

16.60 

145.17 

8.31 

Topped 2.. 

19.19 

31.74 

69.03 


119.96 

6.88 

Untopped... 

17.26 

40.43 

69.72 

27,59 

155.00 

11.97 


1 From fornmla P. E. M. =0.6745 VSd^ 

3 Topped at 54 days (mean date). 

3 Estimated graphically. 

7 Berthold, K. T. nitrogen assimilation—topping and suckering experiment. Unpublished 
mamiscript on file at Tobacco Substation, Conn. State Agr. Expt. Sta, 1931. 








































166 


Journal of Agricultural Research 


Vol 51, no. 2 


Table 2. —Bnj weight and nitrogen content of, and total quantity of nitrogen in, 
various portions and the entire plant of topped and untopped Havana seed tobacco, 
and also in the entire crop, at different times during the growth period, 19$9~33.~ 
Continued 

[The data are averaged for a 5-year period and the mean age of harvest was 72 days] 
NITROGEN CONTENT, PERCENT 


Age of plants in field (days) 

Roots 

Stalks 

Leaves 

Pods 

Total 

Probable 
error of 
mean 

10___ 

Pounds per 
acre 

2.75 

Pounds per 
ncre 
»3.52 

Pounds per 
acre 

3.65 

Pounds 

peracre 

Pounds per 
acre 

3.56 

0 31 

20. .... 

2. 7S 

3.36 

3.70 


3.01 

30 

30. 

2.77 

3 13 

3.85 
3.94 


3.65 
3.57 

24 

40_ 

2. (55 

2.84 


^32 

50__- 

2.23 

2.47 

3.90 


3.37 

. 20 

GO: 

Topped ...- 

1.95 

2. OS 

3.68 


2.92 

. 18 

Untopped.i 

70: 

1.90 

2.07 

3.75 

5.00 

2.95 

.17 

Topped . 

1.70 

1.80 

3.30 


2.47 

. 16 

Untopped.I 

1.58 

1.70 I 

3.37 

4.15 

2.47 

. 14 

SO: 

Topped 2. 

1.33 

1.63 

2.95 

2.80 


2.10 

1.99 

.23 

.21 

Untopped-- 

1.17 

1.33 

3.50 


2Topped at 54 days (mean date). 3 Estimated graphically. 
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GROWTH OF NORMAL XJNTOPPED PLANTS 

As may be seen from an examination of the charts, the entire plant 
sho\¥ed a logarithmic acceleration of growth rate, reaching a maximum 
between the fortieth and sixtieth days after setting in the field. 
There was only a slight reduction in total growth with approaching 
seed-pod maturity. The leaf production was diminished after the 
fifty-fifth day, at about the time the floral parts emerge. The stalk 
continued rapid grow’’th up to about the sixty-fifth day, its grand 
period of growth being about 10 days later than for the leaves. The 
roots apparently attained their maximum rate of growth about when 
the measurements were ended, on the average at the eightieth day. 

CHANGES IN GROWTH AFTER TOPPING 

Removal of the terminal bud and a small section of the end of the 
stalk along with it had a marked effect on the subsequent course of 
growth of the various plant parts. The total dry-matter production 
was markedly diminished, out of all proportion to the amount of dry 
matter removed in the topping operation (estimated at about 100 
pounds per acre). The major difference is due to the decreased stalk 
growth of the topped plant. There was comparatively little differ¬ 
ence in total leaf production, and root growffh was nearly identical. No 
pods were produced on the topped plant, this accounting for some of 
the difference in total dry matter. 

How^ever, it is to be noted that the crop leaves, all being developed 
at the time of topping, grew very little after topping, and apparently 
suffered some loss in w^eight just prior to the harvest date. At the 
same time the sucker leaves w^ere growdng rapidly. Crop and sucker 
leaves are not differentiated in the final data for the eightieth day, 
nor for the untopped plant at any time. 

NITROGEN CONTENT OP PLANTS 

The average nitrogen content, on a percentage basis, for the various 
parts of the plants at the different dates, is showm in table 2, and 
graphically in figure 2. 

Some interesting relationships are evident. Stalks and leaves, 
both contained approximately 3.5 percent niti'ogen at first sampling 
and then rapidly diverged. The stalks decreased progressively in 
nitrogen content to a minimum of about 1.5 percent at the final 
period, although those of the topped plants apparently showed some 
decline in rate of decrease, possibly due to restoration of vegetative 
conditions. 

The decreased nitrogen content of the stalk is doubtless associated 
with the development of woody tissue, so prominent in mature tobacco 
stalks. 

The leaves gradually increased to a maximum of about 3.95 per¬ 
cent nitrogen at about 40 days, or early in the grand period of growth 
ojt‘ the entire plant. The percentage content of nitrogen of the com¬ 
bined crop and sucker leaves from the topped plants was at first 
lower than the untopped. Later this condition was reversed, due to 
the production of sucker leaves of high nitrogen content. The crop 
leaves decreased in nitrogen content at a very rapid rate after topping, 
on the basis of Berthold^s data.® 

** Berthold, K. T. See footnote 7. 
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The roots showed a slight increase in nitrogen content up to the 
thirtieth day, with subsecpient progressive decrease. The topping 
operation apparently tends to produce a temporary storage of nitro- 
c>*eii in the roots, since the normal rate of nitrogen decrease is slowed 
down for about 10 days. It is to be noted that the maximum nitrogen 
content in the roots occurred before that in the leaves. 

Pods, when first produced in the bud stage, had a very high nitrogen 
content of over 5 percent, which decreased rapidly during their 



Figure 2.— Nitrogen content of various portions of topped and untopped Havana seed tobacco: 
Entire plant, untopped; ET, entire plant, topped; LV, leaves, untopped plants; LT, leaves, topped 
plants; CL, crop leaves, topped plants; SL, sucker leaves, topped plants; SU, stalks, untopped plants: 
ST, stalks, topped plants; RU, roots, untopped plants; RT, roots, topped plants; P, pods, untopped 

plants. 

development. The measurement was approximately the same as for 
the seed itself, the latter making up most of the entire weight of the 
pods. 

TOTAL NITROGEN INTAKE OF THE PLANTS 

^ The final objective of this experiment was the measurement of total 
nil^len intake by the tobacco plant at various periods of growth. 
This is the resultant of the two previous sets of measurements and is 
shown in table 2 and graphically in figure 3. 
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While on the whole the same general picture is presented as for total 
dry weight, it is seen that the decline in the rate of nitrogen intake 
was more rapid during the later stages, due to the previously noted 
decreases in nitrogen content of the various parts of the plant' Thus 
a sigmoid curve for total nitrogen in the entire plant is more clearly in 
evidence, especially for the topped plants. 

The translocation of nitrogen from the leaves of the untopped 
plant and from the crop leaves of the topped plants, is clearly shown. 
The stalks, despite their continued increase in total weight during the 
final period, had practically ceased to be a factor in building up the 
nitrogen in the plant. 



Figure 3.—-Amounts of nitrogen contained in various portions of topped and untopped Havana seed 
tobacco in the course of the growth period: BUj Entire plant, untopped; ET, entire plant, topped; 
LU^ leaves, untopped plants; LT, leaves, topped plants; CL, crop leaves, topped plants; SL, sucker 
leaves, topped plants; SU, stalks, untopped plants; ST, stalks, topped plants; RU, roots, untopped 
plants; RT, roots, topped plants; P, pods, untopped plants. 

Although, growth was still active at the final measurement, nitrogen 
intake from the soil was rapidly approaching cessation. The bund¬ 
ing up of nitrogen in the pods of the untopped plant occurred largely 
at the expense of its leaves. _ ^ 

Under the scheme of fertilization practiced on the field, with 80 
percent of the nitrogen applied in the organic form, the amount of 
nitrate nitrogen in the soil attained a maximum of about 60 pounds 
per acre in about 3 weeks after setting. Except as interrupted by 
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leaching from the soil unusually heavy rains, the nitrate nitrogen 
liberated by biological actmty kept pace with crop removal until 
about the first of August, normally about 60 days after setting. The 
nitrates in the soil then decreased rapidly, falling off to less than 10 
pounds per acre at the time of final measurement in this experiment. 
These observations are based on data as to nitrate nitrogen in the 
soil on the plots from which the growth samples were taken during 
1932 and 1933, and in the soils of plots under various nitrogenous 
fertilizers during 1932, 1933, and 1934. 

It is evident that, since the nitrate level of the soil was high until 
the sixtieth day, there was no limitation in nitrogen intake until this 
time. It is of interest to note that the untopped plants showed a 
definite diminution in rate of total nitrogen intake during the time of 
depletion of nitrates in the soil. 

Table 3 gives a picture of the distribution of dry weight and nitro¬ 
gen in the Havana seed tobacco crop at harvest date. These data 
were obtained by interpolation from the graphs based on average 
results over the 5-3^ear period. 

Ta-ble 3. —Dry weight and nitrogen content of various parts of the Havana seed 
tobacco crop at harvest date, 72 days after setting 


[Average data, 1929-33] 


Plant part 

Dry weight 

Nitrogen 

Nitrogen 
contained 
in entire 
plant 


Pounds 

950 

1,675 
507 

1,643 

1 Percent 

Pounds 

Percent 

1 O O 

Stalks.... 



io. ^ 

Suckers.. 



-Jo. U 

1 01 Tv 

Crop leaves... 



1 JiL o 

on Q 





oVL Q 

Total. 

4,775 

2.39 

114.0 






PRACTICAL APPLICATION 

On the basis of these results an ideal s^rstem of nitrogenous fertili¬ 
zation would provide during the first month only moderate amounts, 
not to exceed 20 pounds,^ of nitrate nitrogen per acre. Any larger 
amount would not be required by the crop, and would be subject to loss 
from the soil by leaching as a result of heavy rains. Thereafter rapidly 
increasing amounts of nitrates should be supplied, to a total of about 
120 pounds per acre at the end of the second month. If this amount 
IS matenally exceeded, luxury consumption of nitrogen in the final 
stages of growth may interfere with the normal decline of the nitrogen 
content m_the crop leaves. The tobacco fertilization normally prac- 
tic^d the Connecticut Valley substantially accomplishes these 
enas, aitiiougn mtrates are provided in somewhat excessive amounts 
during the early powth period. Usually 40 pounds of nitrate 
nitrogen are applied with the fertilizer, and available nitrogen from 
orgame sources builds up the soil above this level until the beginnine: 
of rapid mtr^en intake by the crop. However, nitrogen supply for 
the season as a whole is apparently well adjusted to the demands of 
the crop. Although 160 pounds per acre of organic nitrogen are 
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provided, only about 60 percent of this amount is available during 
the season, on the basis of data from Ij^simeter investigations at 
Windsor.® 

A duplication of these conditions when using inorganic nitrogen 
sources is difficult under Connecticut Valley conditions." The applica¬ 
tion of 120 pounds of nitrogen in such materials at planting time may 
result in an inadequate supply for normal yield if there is serious 
leaching from the soil, while, in a season without leaching, larger 
amounts may prove excessive. Inorganic nitrogen applications may 
be used in fractional doses, proportional to the "demands of the crop 
dui'ing the subsequent period, but in case the soil is dry when these 
applications are made, they may not diffuse to within reach of the 
root system in time to be used when they are needed. 

It is believed that these data in part explain the general failure of 
attempts to use large proportions of nitrates or other inorganic soiuves 
of nitrogen for the tobacco crop in the Connecticut Valley. They 
provide a working basis for more intelligent future attempts along 
this line. 

SUMMARY 

The rate of growth and of nitrogen intake by the Havana seed 
tobacco crop was measured for the five seasons, 1929-33. Sepai'ate 
data are presented for the various parts of the plant, including roots, 
stalks, leaves, and seed pods. 

The early growth for the first 30 days after setting was slow, and 
was followed by a rapidly accelerating increase. Between the thirty- 
fifth and fifty-fifth day after setting, the crop attained approximately 
50 percent of the dry weight attained at harvest time, and extracted 
from the soil about 60 percent of its total nitrogen requirement. 

Topping interrupted normal development, to the extent that the 
topped plants, even when permitted to grow beyond the normal 
harvest date to the time of practical maturity of seeds on the untopped 
plants, failed by mare than 1,500 pounds to attain as great a pmduc- 
tion of dry matter. This difference is primarily due to decreased 
stalk gi'owth and the prevention of normal terminal seed-pod produc¬ 
tion. The increased production of sucker leaves on the topped plant 
was not in excess of the additional production of normal leaves on the 
untopped plant. 

The nitrogen content of leaves attained a maximum about 40 days 
after setting. The stalk became decreasingly lower in nitrogen con¬ 
tent tlmoughout the growth of the crop. The roots increased slightly 
in nitrogen content for about 30 days, after which they became pro¬ 
gressively poorer in nitrogen. The crop leaves lost nitrogen after the 
plant was topped. . 

At the time of cutting, tobacco had extracted 114 pounds of nitrogen 
from the soil, of which 39.3 percent was contained in the crop leaves, 
21.5 percent in the sucker leaves, 26 percent in the stalk, and 13.2 
percent in the root?. 

In order to meet the nitrogen requirements of the crop at various 
stages of its growth,, without providing amounts so greatly in excess of 
immediate requirements as to be lost from the soil by leaching, a 
fertilizer should supply not to exceed one-fifth of its nitrogen in the 

8 Morgan M. F., Street, 0, E., and Jacobson, H. G. M. fertilizer losses through leaching 
AS MEASURED BY LYSIMETER EXPERIMENTS. Conn. State Agr. Expt. Sta. BuH. 326: 432-441. 1931. 
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nitrate form during the first month, and a total of approximately 120 
pounds of available nitrogen within 2 months after setting. If the 
latter amount is greatly exceeded, too much nitrogen may be taken 
up by the crop during the period immediately prior to cutting, thus 
causing poor quality due to excessive nitrogen content in the crop 
leaves. Such a condition is being provided by the present practice 
of applying 40 pounds of nitrate nitrogen and 160 pounds of organic 
nitrogen just prior to sotting, although this results in a nitrate level 
ill the soil much in excess of immediate requirements for at least a 
iiioiith, and serious losses may occur when heavy rains come during 
this period. If larger amounts of inorganic nitrogen are to be used 
in the Connecticut Valley tobacco crop, tliey should be adjusted to 
the periodic needs for this element. 




THE DIGESTIBLE NUTRIENTS OF NAPIER GRASS AND 
CROTALARIA INTERMEDIA SILAGES, NATAL GRASS 
HAY, AND THE DRIED REFUSES OF GRAPEFRUIT AND 
ORANGE CANNERIES' 


By W. M. Neal, associate in animal nutrition; R. B. Beckeb, dairy hashand- 

m,an; and P. T- Dix Arnold, assistant dairy husbandman^ Department of 

Ani?nal Husbandry, Florida Agricultural Experiment Station 

INTRODUCTION 

In Florida, where tropical and subtropical forage crops are grown, 
the summer rainy season makes it difficult to cure hay, and "conse¬ 
quently increasing amounts of forage are being conserved as silage. 
Although standard feeds in other parts of the LTnited States have 
been investigated thoroughly, little appears to be known of the com¬ 
position and digestibility of a considerable number of forage crops 
and byproducts now in use in the southeastern part of the country. 
One type of feed, new in this section, is the dried refuse from the 
citrus canning plants. There is promise that this byproduct may be 
an important carbohydrate feed. 

This paper presents the results of a study to determine the com¬ 
position, coefficients of digestibility, and digestible nutrients of silages 
made from Napier grass {Pennisetum purpureum Schum.) and Crota- 
laria intermedia Kotschy, of hay from Natal grass {Tricholaena rosea 
Nees), and of dried refuse from grapefruit and orange canneries. 

METHODS 

The methods used in conducting the digestion trials were essentially 
those recommended by Forbes and Grindley.^ The basal ration 
consisted of prime cottonseed meal (41 percent total crude protein) 
and No. 1 Federal grade alfalfa hay. In the experimental rations, 
one-half of the alfalfa hay was replaced by an equal quantity of the 
experimental feed, except in the case of silages, where the rate was 
3 poimds of silage to 1 poimd of hay. In every case, the total ration 
provided an excess of digestible crude protein above the calculated 
requirements. 

Preliminary feeding periods were 10 days in length, and the experi¬ 
mental periods were from 15 to 20 days. The trials with Napier 
grass silage totaled 45 steer-days,^' and all other trials 80 steer- 
days each. 

1 Received for publication Apr. 13,1935; issued September 1935. 

2 The data dealing with Orotalaria intermeiia were obtained from a cooperative investigation of the 
feeding value of crotalarias conducted jointly by the Division of Forage Crops and Diseases. Bureau of 
Plant Industry, U. S. Department of Agriculture, and the Departments of Agronomy and Animal Hus¬ 
bandry of the Florida Agricultural Experiment Station. The digestion trials were conducted by the 
Department of Animal Husbandry. The silage used was made from forage provided by the Division of 
Forage Crops and Diseases and the Department of Agronomy. G. E. Ritchey was in charge locally for 
the Division of Forage Crops and Diseases. 

3 Forbes, E. B., and Grinpley, H. S. on the formulation of methobs of experimentation in 
ANIMAL production. Bull. Natl. Research Council 6, pt. 2, no. 33:17-27. 1923. 
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Analyses were made by the methods of the Association of Official 
Agriciiltiiral Chemists.'^ ‘'Determinations of nitrogen were made in 
triplicate on the fresh feces each day in order to avoid losses of 
nitrogen. All other constituents were determined on 5~day composite 
samples. 

The coefficients of digestibility w^ere obtained by indirect calcula¬ 
tion, taking into account the data from the trials with the basal 
ration for alfalfa hay, and the average coefficients of digestibility given 
by Henry and Morrison ^ for the grade of cottonseed meal used. 

PRESENTATION AND DISCUSSION OF RESULTS 

No difficulty was experienced in getting the animals to cat the 
experimental rations. In general, satisfactory agreement among the 
results for the different animals and for successive 5-day periods was 
secured, except in the trials with Napier grass silage. The results 
for 1 of the 4 animals w^ere discarded in this instance, the other 3 being 
consistent. The greatest discrepancies appeared in those instances 
wffiere the intake of the particular feed constituent from the experi¬ 
mental feed wms but a small fraction of the total intake of that con¬ 
stituent. How^ever, any error from this source introduced into the 
calculation of the total digestible nutrient content of a feed is 
relatively small. 

The composition, coefficients of digestibility, and digestible nutrient 
content of the experimental feeds, together with similar standard 
feeds for purposes of comparison, are presented in table 1. 

The silage from Napier grass, harvested as the heads began to 
appear, was low in crude protein and liigh in crude fiber. A high 
fiber content is presumed to depress the digestibility of forages. This 
appears to have been the case in tliis instance, as is seen when the 
nutrient content of Napier grass silage is compared wuth that of corn 
silage, and is most apparent wffien the nutrients are computed on the 
dry-matter basis. 

Harvest of the Crotalaria ijitermedia wms delayed in 1933 by heavy 
rains, so that the crop became more fibrous than is desirable. The 
high fiber content of tliis plant at such a stage of maturity appears 
to have depressed the digestibility of the nutrients, as is seen in com¬ 
parisons with soybean silage and alfalfa hay. In common with other 
legume silages, that of 0. intermedia contained a greater proportion 
of crude protein in the dry matter than is present in grasses at a 
similar stage of maturity. 

Even though the harvest of Natal grass must wait until the close 
of the raiu}^ season, and its growdh habits tend toward a liigher fiber 
content, its total digestible nutrients were only slightly below those 
of timothy hay. 

Dried grapefruit and orange cannery refuses were both very palat¬ 
able to cattle. They had a laxative effect when fed in such quanti¬ 
ties that they supplied approximately one-half of the dry matter of 
the ration. Both of these citrus byproducts were low in protein, 

< A^cx^ation of Official Agricultukal Chemists, official and tentative methods of analysis. 
CtaiDfited by the committee on editing methods of analysis. Revised to July 1,1924, Ed. 2, 535 p., illus, 
y^ashington. U, G. 1925. » i » 

W. A., and Morrison, F. B. feeds and feeding; a handbook foe the student and 
^ Ed. IS, pp, 709-74S, illus. Madison, Wis. 1923. 
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crude fiber, and fat, but higli in digestible nitrogen-free extract. The 
digestion trials place these feeds in the class of high carbohydrate 
concentrates. 

Table 1. —The percentage composition^ coefficients of digestibility, and digestible 
nutrients of the experimental feeds, as compared with those of similar standard 

COMPOSITION OF THE FEED 


Kind of feed 


Napier grass silage.. 

Corn silage, well matured U., 
Crotalaria intermedia silage—— 
Soybean silage, Florida analy¬ 
ses.-.—. 

Alfalfa hay ^. 

Natal grass hay... 

Timothy hay, all analyses C— 

Grapefruit refuse, dried. 

Dried orange peel. 

Beet pulp, dried 1. 


Num¬ 
ber of 
analy¬ 
ses or 
trials 

Dry 

mat¬ 

ter 

Crude 

pro¬ 

tein 

Crude 

fiber 

Nitro¬ 
gen- 
free ex¬ 
tract 

Crude 

fat 

Ash 

Total 

digest¬ 

ible 

nutri¬ 

ents 

On dry-mat¬ 
ter basis 

Total 
Crude digest- 
pro- ! ible 
tein i nutri¬ 
ents 

3 

32.54 

1.17 

14.45 

14.42 

0.68 

1.82 




121 

26.30 

2.10 

6.30 

15.40 

.80 

1.70 




4 

27.13 

3.30 

12. 52 

8.34 

.77 

2.20 


_ 


23 

24.64 

2.24 

10.03 

9.08 ^ 

.74 ' 

2. 55 

i ' 



250 

91.40 

14.90 

28.30 

37.30 1 

2.30 

8.60 




1 

92.24 

3.36 

39.49 

43.12 

1.44 

4.83 

1 _ 



221 

88.40 

6.20 

29.80 

45.00 

2.50 

4.90 




1 

91.77 

4.94 

11.94 

69.60 

1.06 

4.23 




1 

86.04 

5.84 

10.64 

64.74 

.69 

4.13 




48 

91.80 

8.90 

18.90 

59.60 

.90 

i 

3.50 


. 



COEFFICIENTS OF DIGESTIBILITY 


Napier grass silage. 

Corn silage, well matured i. 
Crotalaria intermedia silage—. 

Soybean silage 2 . 

Alfalfa hay 1 . 

Natal grass hay. 

Timothy hay... 

Grapefruit refuse, dried. 

Dried orange peel. 

Beet pulp, dried ‘. 


3 

! 

29. 07 

27 


51.00 

4 


62.87 

4 


55.30 

109 


71.00 

4 


8.16 

58 


48.00 

4 


24.83 

4 


36.57 

3 


52.00 


50.14 
65.00 
32. 71 

42.90 
43.00 
59.34 
50.00 
71.52 

93.91 
83.00 


40.19 
71.00 
40.57 

61.20 
72.00 
51.85 
62.00 


64.70 
82.00 
06. 92 
48.90 
38.00 
68. 64 
50.00 


92.43 

88.51 

83.00 


79. 37 
66.59 


DIGESTIBLE NUTRIENTS 


Napier grass silage___ 



0.34 

Corn siiage, well matured.,-- 



1.07 




2.08 

Soybean silage..__ 



1,24 

Alfalfa hay.r__ 



9.09 

Natal grass hay__ 



.29 

Timothy hay_ 



2.98 

Grapefruit refuse, dried_ 



1.23 

Dried orange peel ____ 

. 


2.14 

Beet pulp, dried--___ 



4.63 






7.25 

5.80 

0.44 


i4.;j8 

1.05 

44.16 

4.10 

10.93 

.66 


17.59 

4.07 

66.88 

4.10 

3.38 

.52 


10. 72 

7.66 

39.48 

4.30 

5.57 

.36 


11.92 

5.01 

48.20 

12.17 

26.86 

.87 


50.08 

9.95 

54. 79 

23.43 

22.36 

.99 

. 

48.31 ! 

.31 

52.22 

14,90 

27.90 

1.25 


48.59 ’ 

3.37 

54.97 

8.54 

64.33 i 

.84 


7A99 

1.34 

82. 80 

9.99 

57.30 

.05 

__ 

69. 55 

2.49 

80.82 

15.69 

1 

49.47 



69.79 

5.04 

75.02 


1 Henry, W. A., and Morrison, F. B. See footnote 5. 

- Hopkins, C. G. composition and digestibility of corn ensilage, cow’ pea ensilage, soja bean 
ENSILAGE AND CORN-FODDER. Ill. Agr. Expt. Sta. Bull. 43, pp. 181-208. 1896. 

SUMMARY AND CONCLUSIONS 

The composition, coefficients of digestibility, and digestible nutri¬ 
ents of Napier grass and Crotalaria intermedia silages, Natal grass 
hay, and dried refuse from grapefruit canneries are presented for the 
first time. Additional data on dried refuse from orange canneries 
are given. 

Napier grass silage is low in digestible protein and contains approxi¬ 
mately two-thirds as much total digestible nutrients as does corn 
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Crotalaria interjnedia silage provides less total digestible nutrients 
than does corn silage, but it is a better source of protein. Cut in an 
earlier stage of maturity, this silage probably would have been more 
desirable. 

Natal grass hay is comparable with timothy hay in feeding value. 

The dried refuses from grapefruit and orange canneries are lower in 
digestible crude protein, but slightly higher in total digestible nutri¬ 
ents, than is dried beet pulp. These feeds are comparable. 



BACTERIAL LEAP SPOT OF ALFALFA' 

By A. J. Rikek, professor of plant pathology^ Wisconsin Agricultural Experiment 
Statio7i; F. R, Jones, senior pathologist^ Division of Forage Crops and Diseases, 
Bureau of Plant Industry, United States Department of Agriculture: and Mas- 
GUERiTE C. Davis, research assistant in plant pathology, University of Wisconsin. 


INTRODUCTION 

The bacterial leaf spot described here was first recognized on Tur¬ 
kestan and Grimm alfalfa {Medicago saliva L.) in two locations at 
Madison, Wis., in August 1930. The alfalfa in both instances was in 
cultivated experimental rows and bad been repeatedly splashed by 
watering with a garden hose. In October 1931 the disease recurred 
under similar circumstances at one of these locations, but vith the 
abandonment of alfalfa growing at these places the disease has not 
been seen during the three following summers. At no time has it 
been found in alfalfa fields. These observations, together with the 
results of inoculations, suggest that while the disease appears poten¬ 
tially destructive, it does not often find favorable conditions for devel¬ 
opment in this locality. Inasmuch as it may develop elsewhere and 
may easily be mistaken for other w'ell-known diseases, its description 
seems warranted. 

DESCRIPTION OF THE LEAF SPOT 

This leaf spot, like most bacterial leaf spots, is at first very small 
and water-soaked in appearance. As the spots increase in size, they 
may coalesce, especially along the midrib and at the ends of the leaf¬ 
lets, forming areas of dead tissue which soon dries. The dry center 
of spots attaining a diameter of 2 to 3 mm is often yellow with a dark- 
brown border surrounded by a straw-colored halo. Smaller lesions 
may appear merely as dark-brown spots. Characteristic leaf injury 
from this disease is shown in figure 1, No stem lesions have been 
observed except following inoculations. 

Thus, only in the early stages of its development does the disease 
suggest its bacterial origin. At -that time it is easily distinguished 
from leaf infections of the bacterial stem blight caused by Phytomqnas 
medicagmis (Sack.) Bergey et al, by the ab^sence of the stem lesions 
characteristic of that disease and also by the small size of the spots, 
which have not been observed to extend to form the large yellow areas 
described for that disease. After the early water-soaked condition 
has passed, this leaf spot resembles certain fungous leaf spots. The 
smaller dark-brown spots are not easily distinguished from partly 
developed spots caused by Pseudopeziza medicaginis (Lib.) Sacc. 
The larger bordered spots may closely resemble those caused by 

1 Received for publication Mar. 4, 1935; issued September 1935. Joint contribution of the Wisconsin 
Agricultural Experiment Station and the Division of Forage Crops and Diseases, Bureau of Plant Indus¬ 
try, U. S. Department of Agriculture, The work was done in part by funds granted from the Civil Works 
Administration of the Wisconsin Emergency Relief Administration. 
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Figure L—Bacterial leaf spot of alfalfa on diseased leaves from plants growing in a cultivated plot as com- 
lared with a healthy leaf: A and B, Leaves showing extensive injury of leaflets chiefly at the ends and 
along the midribs; €?, leaf showing isolated blackened and halo-surrounded spots; D, healthy leaf. (About 

natural ske.) 

The plants inoculated were kept in a closed glass chamber for half a 
day before the leaves were sprayed with the bacterial suspension in 
distilled water, and were left in the chamber for a half day after this 
inoculation* In some cases a trace of castile soap was added to the 
bacterial suspension in order to facilitate wetting the leaves. Under 
these conditions infection was often far more destructive to the plant 
than natural infection observed in the field. Puncture inoculations 


Pseudoplea briosiana (Poll.) Hoehn. Because of the strong resem- 
blaiice of this bacterial spot to lesions caused by these two fungi, it 
may have occurred unrecognized many times in the past. 

ISOLATIONS AND INOCULATIONS 

Six separate isolations of the organism were made in 1930 with the 
usual poiired-plate technic. The pathogenicity of the cultures ob¬ 
tained was proven on plants in the greenhouse, the bacteria were reiso¬ 
lated, and the pathogenicity of the cultures obtained_again_demon- 
strated by inoculation. 
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were also made, wMch, though successful, were not coiiimonly as satis¬ 
factory as those made by spraying the leaves. 

^ The cultures were carried in stock until 1933, when their pathoge¬ 
nicity was again demonstrated by greenhouse inoculations. Follow¬ 
ing this, single-cell isolations were made from the six different cul¬ 
tures.^ The pathogenicity of these single-cell isolations was demon¬ 
strated soon after they were made and again after they had been 
carried in stock for several months, 

BACTERIOLOGICAL STUDIES 

The bacteriological characters of these six single-cell cultures were 
determined according to the common procedures. Unless otherwise 
noted, the methods employed were those given in current (1933) revi¬ 
sions of publications by the Committee of Bacteriological Technic of 
the Society of American Bacteriologists.^ Each of these tests was 
made in triplicate with suitable controls for each of the six cultures. 
Unless otherwise noted, each test was performed at least a second and 
usually a third time. 


MORPHOLOGY OF THE ORGANISM 

The organisms were all small rods. They were measured ^ from 
smears of 1-day-old cultures grown on yeast-infusion glucose agar 
at 22° 0. The slides were stained with the negative nigrosine prepa¬ 
ration. One hundred organisms were measured from each strain. 
The average of all was 2.14 ju by 0.45 fx They ranged in length from 
0.93 fjL to 4.56 fjL, and in width from 0.28 jLi to 0.77 fx. The organisms 
were Gram-negative and not acid-fast. No capsules were found after 
growth for a week on ascitic agar. 

Flagella stains with the Caesares-Gil method made on 3 of the 6 
strains revealed a single polar flagellum. The other cultures were all 
observed to be motile in hanging-droj) preparations. Some difficuity 
was experienced in securing motility in these cultures that had been 
carried in artificial media for a long time. 

GROWTH CHARACTERS ON VARIOUS MEDIA 

Colony characters determined on nutrient agar after 5 days at 
room temperature were as follows: Growth, rapid; form, circular; 
surface, smooth; elevation, convex; edge, enthe; internal structure, 
finely granular; chroniogenesis, white to pale yellow; deep colonies, 
lense-shaped; well-isolated colonies, about 10 to 12 per plate, 7 mm 
in diameter. 

Colony characters determined on plain gelatin after 5 days at 
room temperature showed the following character: Growth, rapid; 
form, circular; edge, erose; liquefaction, cup; internal structure, 
finely granular. Liquefaction occurred on the fourth day. 

Agar strokes on nutrient agar incubated 2 days at room temperature 
had the following characters: Growth, abundant; form of growth, 
filiform; elevation, convex; luster, glistening; surface, smooth; odor, 
absent; chromogenesis, white to pale yellow; consistency, butyrous; 

2 These isolations were made by Dr. J. A. Pinckard. 

2 Society of American Bacteriologists, Committee of Bacteriological Technic. Manual of 
METHODS FOR PURE CULTURE STUDY OF BACTERIA. [Looseleaf, See 1933 supplement-j Geneva, N. Y. 1923. 

^ The measurements were made by Mary Jacobson. 
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iiiediuni, imcliaiiged; optical character, translucent. Studies made 
on 2 -peTcent glucose nutrient agar, 2 -percent starch agar, and yeast- 
infusion glucose agar showed the same characters. 

Potato plugs incubated at room temperature for 24 hours showed 
bacteria] characteristics resembling those on nutrient agar. The 
potato plugs were gray in 72-hour-oId cultures. 

Stabs in plain gelatin were incubated at room temperature. 
Liquefaction occurred on the fourth day. On the sixth day, the 
type of hquef action was crateriform; and on the tenth day, stratiform. 

Growth of the organisms was made in 24 hours in nutrient broth. 
The medium was slightly cloudy; a small amount of sediment was 
formed which was viscid on agitation. There was no odor. The 
same was true of organisms grown in 2 -percent glucose broth. 

The diastatic action of the organisms was determined on 0.2 per¬ 
cent starch agar. When abundant growth appeared, the plates were 
flooded with a saturated iodine solution in 50-percent alcohol. Clear 
zones appeared measuring about 7 mm, indicating diastatic action. 
Tills is particularly interesting in relation to the results from sugar 
fermentation. 

Transfers made to litmus milk and kept at room temperature showed 
the following: 

2 days, no color change; 2-inin serum zone. 

4 days, no color change; 6-mm serum zone. 

7 daVs, change in color from lavender to tan (with the exception of two 
organisms, lavender to brown); 15-mm serum zone. 

10 days, same color change as on seventh day; 15-mm serum zone. 

14 days, entirely clear except for sediment. 

Transfers were spread on milk-agar plates (nutrient agar with 1 cc 
litmus milk) and incubated at room temperature for 2 days. Giant 
colonies were formed, surrounded by clear zones. These plates were 
flooded with 10-percent acetic acid.^ No precipitation occurred in 
the clear zones, indicating that digestion had taken place. 

Nitrate broth was seeded and kept at room temperature. Keadings 
were made after 1, 2, 4, 7, and 10 days for ammonia, nitrites, and 
nitrates. Growth wms obtained in 48 hours. Tests with Nessler’s 
reagent showed the presence of ammonia on the fourth day. More 
positive reactions for anmionia were obtained on the seventli and 
tenth days. Tests with TrommsdorTs reagent w’-ere negative for 
nitrites; and tests made with diphenylamine showed that nitrates 
were still present. Cultures in nitrate broth were uniformly cloudy; 
sediment formed was viscid on agitation; odor, absent. 

Studies were made of sugar fermentation in a yeast-infusion mineral- 
salt medium with the following composition: Magnesium sulphate 
(MgS 04 • 7 H 2 O), 0.2 g; dipotassium phosphate (K 2 HPO 4 . 3 * 1120 ), 
0.2 g; sodium chloride (NaCl), 0.2 g; calcium chloride (CaCL), 0.1 g; 
yeast infusion (20 percent), 50 cc; carbon source, 5 g; and distilled 
watey 950 cc. The reaction was adjusted to pH 6 . 8 . A neutral 
solution of the carbon source was sterilized separately and added 
aseptically. The organisms were grown for 7 days at room tempera¬ 
ture in tMs medium, with, respectively, 0.5 percent of pectin, lactose, 
dextrin, maipitol, sucrose, maltose, glycerin, levulose, salicin, starch, 
galactose, jnulin, and glucose. Determinations of the hydrogen-ion 
coucentratioii were then made with the common quihhydrone equip¬ 
ment. The results of one representative series of tests appear in 
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table 1. Some acid was found only witk the galactose medium and 
even this was within the lange winch carbon dioxide might induce. 
The reaction commonly became slightly alkaline, doubtless because 
of utilization by the bacteria of the yeast infusion. The growth 
developed suggests that the various materials w’ere employed with the 
formation of relatively neutral products. The action on starch in 
relation to the action on various sugars is noteworthy. For the pur¬ 
poses of the present study, quantitative measure of "sugar utilization 
and of carbon dioxide production did not appear necessary. 

Table 1. —Summary of reactio%s induced by various single-cell strains of alfalfa leaf 
spot bacteria incubated 7 days at room temperature in yeast-infusion 7 nineral-saU 
liquid media containing stated sources of carbon ^ 


Hydrogen-ion concentration from strain no.— 


ouusLauee lest-eu 

1 

2 

3 

4 

5 


Control 

d-fructose... 

7.2 

7.0 

7.0 

7.1 

7.1 

7.1 

6.6 

d-galaetos8... 

0.5 

6.4 

6.6 

6.3 

6.0 

t). 7 

0.7 

d-glueose..-... 

6.9 

6.8 

7.0 

8.5 

6.8 

6.7 

6.4 

Sucrose... 

7.3 

7.4 

7.1 

7.2 

7. ‘f. 

7 •> 

6.8 

Maltose.. 

7.3 

7.3 

7.2 

7. 2 

7.3 

7.2 

7. 1 

Lactose.. 

7.2 

7.1 

7.1 

7.3 

7.3 

7.3 

6.5 

Starch.... 

6.7 ‘ 

6.7 

: 6.7 

6.7 

6.8 

6.7 

6. 7 

Inuliri... 

7.4 i 

7.4 

! 7.3 

7.5 ; 

7.4 : 

j 7.4 

j 6.6 

Dextrin... 

7.5 

7.2 

7.3 

7.3 

7.3 

1 7.2 


Pectin.-. 

7.0 

7.0 

6.8 

7.0 

7.1 

7.1 

1 6.5 

Glycerol.-. 

7.2 

7.4 

7.1 

7.3 

7.4 

7.3 

6. 6 

Mannitol.-.. 

7.5 

7.5 j 

7.5 1 

7.5 

7.5 

7.5 

7. 1 

Salicin... 

7.3 

7.4 ! 

7.3 : 

7.5 

7.4 

7.4 

6. 7 

None.-... 

7.3 

7.4 

7.4 

7.4 

7.5 

7.6 

6.6 


I There was no growth in the unseeded controls and slight growth in media containing no source of carbon 
except the yeast infusion. In the starcli medium, turbidity appeared only in the upper 10 to 12 mm of the 
medium. In all other cases relatively dense turbidity and compact sediment, viscid on agitation, indicated 
good growth. Two other trials gave comparable results. 

The suitable temperature for growth was determined mth nutrient- 
agar stroke cultures incubated at the follomng temperatures: 4^, 8°, 
12'^, 16^, 20°, 24°, 28°, 32^^, and 36° C. These cultures were incubated 
for 1 week, with the foUowing results: At 4° and 36°, scanty growth; 
at all other temperatures, abundant growth. In a repetition of the 
test after incubation for 2 days the results were: No growth at 4°, 8°, 
and 36°; scant growth at 12° and 16°; and moderate growth at 20°; 
abundant growth at 24°, 28°, and 32°. In 7 days the results were: 
No growth at 36°; scant growth at 4° and 8°; abundant growth at 
12°, 16°, 20°, 24°, 28°, and 32°. These studies indicate that the most 
rapid growth of these bacteria on nutrient agar is made between 24° 
and 32°. 

Nutrient-agar shake cultures were used to study the oxygen require¬ 
ments of the organisms. A suspension of the organism was prepared 
and three successive loop dilutions of the suspension were made in 
successive tubes. A small amount of the agar shake cultures from 
tubes 1, 2, and 3, respectively, was drawn up into different sterile 
capillary tubes, leaving a clear space at each end which was sealed. 
Three capillary-tube cultures and three test-tube agar shake cultures 
with suitable controls were made for each organism and incubated at 
room temperature. After 10 days colonies showed only in the upper 
layer of medium in the test tubes; and only at the ends in the capillary 
tubes, indicating that the organisms are aerobes. 
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The characters of this alfalfa leaf spot organism do not appear 
similar to those given in any description found for a bacterial plant 
pathogen. When compared\\dth Phytomonas medicaginis^ in addition 
to the difference in symptoms induced, there appear important bac¬ 
teriological differenced For example, in contrast with the characters 
given in this paper, Sackett ® reported that P. medicaginis was doubt¬ 
ful in relation to the Gram stain, made grayish-white growth on agar, 
did not liquefy gelatin, did not digest starch, did not form ammonia 
from nitrate, and produced no change in litmus milk except to niake 
it blue. 

TECHNICAL DESCRIPTION 

This organism is named and briefly characterized as follows: 
Phytomonas alfalfae, n. sp.^ 

Organism a rod, average 2.14 jjl by 0.45 motile by one flagellum, Gram- 
negative, not acid-fast, apparently without spores or capsule. On nutrient agar 
after 5 days at room temperature colony characters were: Growth, rapid; form, 
circular; surface, smooth; elevation, convex; edge, entire; internal structure, finely 
granular; chromogenesis, white to pale yellow; well-isloated colonies, 7 mm iii 
diameter; deep colonies, lense-shaped. Gelatin liquefied. Trace of acid formed 
in yeast-infusion mineral-salts medium with galactose. No change or an alkaline 
reaction with 12 other sources of carbon. Starch hydrolyzed. Ammonia formed 
slowly in a nitrate medium. Litmus milk cleared in 2 weeks with digestion of the 
casein. No growdh where atmospheric oxygen was excluded. Growth at tem¬ 
peratures between 4° and 32° C.; most rapid growth between 24° and 32°. Organ¬ 
ism causes leaf spots on alfalfa. 


SUMMARY 

A bacterial leaf spot of alfalfa, apparently new to science, has been 
observed at Madison, Wis. The symptoms and isolation and inocu¬ 
lation studies are described. ^ On the basis of the morphological and 
physiological characters of single-ceU isolations from six cultures of 
the organism, it is described as a new species and the name Phytomonas 
alfalfae is suggested. 


s Sackett, W. G. a bacterial disease of alfalfa. Colo. Agr. E.\pfc. Sta. Bull. 158,32 pp., illus. 1910. 
s Synoayms aeoording to other systems of classification in use among plant pathologists are Pseiidomonas 
ulfalfae and Bacterium alfalfae. 



CALCIUM CYANAMIDE IN RELATION TO CONTROL OF 
CLUBROOT OF CABBAGE» 


By J. C. Walker, professoT of ploTit pathology, LJuivovsity of IVisconszn, cud 

agent, Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture, and R. H. Larson, assistant 
in plant pathology, University of Wisconsin 2 


INTRODUCTION 


In a previous publication ^ the writers reported comparative studies 
of the effect of calcium hydrate (Ca(OH)2), calcium carbonate 
(CaCOs), and certain other compounds, when applied to infested soil, 
upon infection of cabbage by the clubroot organism (Plasmodiophora 
brassicae Wor.). It was shown that, in well-watered soil in the 
greenhouse, infection was reduced perceptibly when the reaction of 
an acid soil was changed to about pH 7 . 0 , and it was usually inhibited 
completely at pH 7.2 and above. In the field even heavier applica¬ 
tions of Ca(OH)2 and CaCOg often failed to control the disease 
although the reaction of the soil was maintained at pH 7.0 or above. 
When soil was removed from such field plots, however, and tested 
by growing cabbage plants upon it in the greenhouse, inhibition of 
the disease was usually complete. The difference between field and 
greenhouse environments, therefore, appeared to influence the effec¬ 
tiveness of these materials upon clubroot development. 

The present paper is a report of a comparative study of Ca(OH)2 
and calcium cyanamide (CaCN2) upon clubroot infection, t^en 
applied to moist soils CaCN2 undergoes hydrolysis as a result of which 
Ca(OH)2 and urea (CO(NH2)2) are formed. Before hydrolysis is 
complete, the cyanamide anion (CN2) may be toxic to higher plants. 
Cyanamide disappears from the soil solution more slowly in some 
soils than in others, and the factors which influence this change have 
been studied recently by Fink In normal soils urea is ammonified 
rapidly and at this stage a marked increase in alkalinity or decrease 
in acidity results because two basic substances, Ca(OH)2 and (NH4)2- 
CO3, have been produced. When nitrification of the latter takes 
place, there should be no change in reaction because there is sufficient 
Ca in the CaCN2 to combine with the nitric acid formed. The extent 
of the influence of the addition of CaCN2 to a soil on the reaction of 
that soil win thus depend on soil conditions and the time that has 
clasped since the addition. In the case of very acid soils, a marked 
decrease in acidity should result for some time, because the soil acids 
will combine witlx the free lime and ammonia as soon as they are 


1 Received for publication Apr. 9, 1935; issued September 1935. Cooperative investigations by the De¬ 

partment of Plant Pathology, University’of Wisconsin, and the Division of Fruit and Vegetable Crops 
and Diseases, Bureau of Plant Industry, U. S, Department of Agriculture. Supported in part by a grant 
from the American Cyanamid Co. ^ ^ ^ 1 

2 The authors are indebted to Prof. Emil Truog, Department of Soils, University of Wisconsin, for helpful 

suggestions. _ 

3 Larson, R. H., and Walker, J. C. soil treatment in relation to clubroot of cabbage. Jour. 

Agr. Research 48:749-769. ‘ 1934. ' t . c, * 

* Fink, D . S. soil factors which prevent toxicity of calcium cyanamide. J our. Amer. fcoe. Agron. 

26: 929-939, lllus. 1934. • ■: 
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formed and hold on to the ammonia with considerable tenacity^ thus 
slowing up its further change to nitric acid. ^ 

The fact that CaCN 2 when applied as a nitrogen fertilizer reduces 
acidity or increases alkalinity of the soil has led to an interest in its 
value as a clubroot inhibitor. Both greenhouse and field experiments 
were carried out to determine its effectiveness on southern Wisconsin 
soils. 

GREENHOUSE EXPERIMENTS 

Two series of greenhouse pot tests were conducted. Naturally 
infested Carrington silty clay loam sod from the Miller farm, Kenosha 
County, Wis., was used in 2-gallon earthenware crocks. Six kilo¬ 
grams of soil were weighed out for each crock and the desired amount 
of chemical was thoroughly mixed with the soil. The rates of appli¬ 
cation are given on the basis of pounds per surface acre; 0.385 g per 
crock was approximately equal to 100 pounds per acre. Since the 
cyanamide anion (CN 2 ) is toxic to plants, it is necessary to delay 
planting for a sufficient period after the application of CaCN 2 to 
allow complete hydrolysis and the removal of CN 2 from the soil 
solution. Cabbage {Brassica oleracea capitata) seedlings were trans¬ 
planted to the crocks 2 weeks after treatment. The soil moisture 
was kept at about 75 percent of the water-holding capacity for 5 
weeks, after which period the plants were removed and examined. 

In the greenhouse experiments Ca(OH )2 and CO(NH 2)2 were 
included. The amounts applied were so arranged as to compare a 
given amount per acre of CaCN 2 with (1) the approximate amount of 
Ca(OH )2 it would yield upon hydrolysis in the soil; (2) the approxi¬ 
mate amount of CO(NH 2)2 it would yield; and (3) those amounts of 
Ca(OH )2 and CO(NH 2)2 applied together. Thus, for example, 125 
pounds of CaCN 2 yields, when completely hydrolyzed, 87.5 pounds of 
Ca(OH )2 and 62.5 pounds of CO(NH 2 ) 2 * 

The results of the first series are given in table 1. The plants in the 
untreated soil were all infected. As increasing amounts of Ca(OH )2 
w^ere added, infection was gi'adually reduced imtil none occurred at 
525 poimds per acre or more. "Wlien CO(NH 2)2 was added at the rate 
of 125 poimds per acre together wuth Ca(OH )2 at the rate of 175 
pounds, no infection occurred; while in the pots containing Ca(OH )2 
at the rate of 175 pounds without urea, 66.7 percent infection occurred. 
It was evident, therefore, that urea, probably through its rapid 
conversion to (NH 4 ) 2 C 03 , had a decidedly toxic effect upon Bias- 
modiophora brassicae. Urea was not used alone in this series. CaCNo 
was competely inhibitive at 250 pounds and above. 

In the second series (table 1), smaller applications were included and 
various amounts of urea alone were used. Again complete inlubition 
with Ca(OH )2 was not attained below 525 pounds per acre. No 
infection resulted wdien 250 pounds per acre or more of CO(NH 2)2 
was applied. The pronounced effect of urea is shown when Ca(OH )2 
alone and Ca(OH )2 plus urea are compared. Ca(OH )2 at 175 pounds 
permitted 66.7 percent infected plants; CO(NH 2)2 at 125 pounds per¬ 
mitted 29.2 percent; the two combined in the same respective amounts 
permitted 20.8 percent i. e., approximately the same amount as urea 
alone. Ca(OH )2 at 350 pounds allowed 33.3 percent infected plants; 
COCNHs)! at 250 pounds, no infection; the two applied together 
resulted in no infection. 
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Table 1. —The relative effect of calcium hydrate, urea, and calcium cyanamide 
upon infection of cabbage by Plasmodiophora brassicae when applied to the soil 
under greenhouse conditions; series 1 and 2 


SERIES 1 


Chemical applied 


Quantity 


Plants 

tested 


Plants 

diseased 


Pounds 


per acre 


Number 


Percent 


None..-. 

f 175 


350 

Ca(OH )2 .—- 

\ 525 


700 


1 1,050 

Ca(OH )2 . 

175 

C0(NH2)2_ 

125 

Ca(OH )2 . 

350 

C0(NH2}2-—. 

250 

Ca(OH )2 . 

525 


60 

30 

30 

30 

30 

30 

30 

30 

30 


100 

66.7 


0 

0 

0 

0 

0 

0 


Chemical applied 

i 


Plants 

diseased 


Pounds ! i 

per acre 1 Number 

Percent 

C0(NH2)2_ ^ 

\ 375 1 30 i 

0 

Ca(OH )2 .. 

700 !'i ... : 

0 

j CO(NH2j2 . 

I 500 1/ 

Ca(OH )2 .. 

! 1,050 1 3. 

i 750 / 

0 

C0(NH2)2-. 


1 250 30 

1 0 


500 1 30 

t 0 

CaCN 2 -.-. 

750 1 30 

’ 0 


1,000 1 30 

! 0 


1 1,5(X) i 30 

1 

i 0 


SERIES 2 


Chemical 

applied 


None,..- 

Ca(0H)2. 


C0(NH2)2. 


Ca(0H)2.. 

C0(NH2)2. 


Quan- 

Soil re- 

Plants 1 

Plants 

tity 

action 1 

tested 

diseased 

Pounds 




per acre 

pH 

Number 

Percent 

6.4 

72 

100.0 

I sis 

6.4 

24 

83.3 

J 175.0 

6.6 

24 

66.7 

■ 1 350. 0 

6.8 

24 

33.3 

1 525.0 

7.0 

24 

0 

f 62.5 

6.4 

24 

58.3 

125.0 

6.6 

24 

29.2 

A 250.0 

6,8 

24 

0 

375.0 

6.8 

24 

0 

[l, 000.0 

7.2 

24 

0 

87.5 

62.5 

} 6.6 

24 

62.5 


Chemical 

Quan- 

Soil re- 

Plants 

Plants 

applied 

tity 

action 1 

tested 

diseased 


Pounds 
per acre 

pH 

} 6.6 

Number 

Percent 

Ca(OH )2 .- 

175.0 

24 

20.8 

C0(NH2)2. 

125.0 

Ca(OH )2 . 

360.0 

} 6.8 

24 

0 

C0(NH2)2. 

250.0 

Ca(OH )2 . 

525.0 

1 6.8 

24 

0 

C0(NH2)2. 

375.0 

Ca(OH )2 . 

1,050.0 

1 - 0 

24 


C0(NH2)2. 

750.0 


0 


f 125.0 

6.7 

24 

12.5 

CaCNo_ 

J 250.0 

1 500.0 

6.8 

7.1 

24 

24 



0 


1 7.50.0 

7.3 

1 24 

1 

i “ 


1 At the close of the experiment. 


The next point of interest is the comparison of CaCN 2 with the 
combined effect of its products of hydrolysis, Ca(OH )2 and CO(NH 2 ) 2 * 
It has been pointed out that before hydrolysis is complete the CN^ 
anion is toxic to higher plants. Nothing is known of its toxicity to 
the clubroot organism, but it may be expected that some reduction 
in the infestation might occur because of the presence of CNs before 
complete hydrolysis. That such is the case is indicated in the results. 
CaCN 2 at 125 pounds reduced infection to 12.5 percent, while the 
proportionate amounts of Ca(OH )2 (87.5 pounds) and CO(NH 2)2 (62.5 
pounds) applied together reduced it to only 62.5 percent. CaCN^ at 
250 pounds reduced infection to nil, while the proportionate amounts 
of Ca(OH )2 (175 pounds) and^ CO(NH 2)2 (125 pounds) applied 
together, permitted 20.8 percent infection. 

It is indicated in these e:^eriments that CaCNs is approximately 
equal to urea and about twice as effective as Ca(OH )2 in controlling 
clubroot. Specifically, 250 pounds of CaCNa, 250 pounds of 
C0(NH2)2, and 525 pounds of Ca(OH )2 each completely inhibited 
infection. 
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FIELD EXPERIMENTS 

Field trials were conducted in 1933 and 1934 at Franksville, Wis., 
and on the Miller farm near Somers. The soil at both of the locations 
has been previously described.^ 

The first series at the Franksville field (referred to as series 1) was 
on part of the plot used in former experiments. A portion of this area 
had received 2K tons of Ca(OH )2 in the autumn of 1930, but little or 
no control of clubroot was secured in the following year. The entire 
area received an application of 220 pounds of CaCN 2 per acre in 
November 1932. It was divided into nine parts, each 9 rods by 1 rod 
in dimension. To certain of these nine plots CaCN 2 was applied on 
24,1933. To other plots Ca(OH )2 was applied on June 26, 1933. 
In this and subsequent field experiments the materials were incorpo¬ 
rated into the soil by very thorough disking immediately following 
application. The soil was disked and dragged again just before 
transplanting. The entire area was planted on July 11. No fertilizer 
other than CaCN 2 was applied. On September 28, plants were pulled 
and the amount of clubroot recorded. The same area was planted in 
1934 without any further addition of lime or cyanamide. The results 
are given in table 2. 


Table 2. —The effect of various amounts of calcium hydrate and calcium cyanamide 
on clubroot infection in the field; Franksville series 1 





1933 results 



1934 results 


Chemical applied 

Quantity 

Soil 

reaction i 

Plants 

examined 

Plants 

diseased 

Soil 

reaction J 

Plants 

examined 

Plants 

diseased 


Pounds 
per acre 

pH 

Number 

Percent 

pH 

Number 

Percent 

None..,... 

6.2 

170 ! 

79.4 

6.8 

100 

55 

1 

{ 220 

6.2 

167 

64.1 

6.5 

100 

94 


440 

6.2 

183 

63.9 

6.5 

100 i 

88 

CaCNs.-.^ 

J 3 440 

6.6 

151 

21.2 

7.2 

100 

34 


S80 

6.3 

174 

86.2 

6.6 

100 

56 


1 2880 

6.2 

150 

8.0 

7.2 

111 

27 


2 2,000 

6.4 

158 

22.2 

7.0 

100 ‘ 

28 

Ca{OH )2 . 

•i’ 3,000 

6.8 

171 

24.6 

7.0 

100 

51 


[ 4,000 

7.0 

185 

16.8 

8.0 

100 

18 


1 At the eBd of the growing season. 

* These plots had received an application of 2H tons of Ca(0H)2 in the fall of 1930. 


As pointed out earlier ^ with Ca(OH) 2 , the behavior of neutralizing 
substances as clubroot inhibitors in the greenhouse is no indication of 
their success in the field. The untreated soil in this series was essen¬ 
tially the same in reaction as that used in the greenhouse experiments. 
Five hundred and twenty-five pounds of Ca(OH )2 per acre was suffi¬ 
cient to completely check clubroot in the greenhouse, but 4,000 pounds 
in the field still permitted some infection. Two hundred and fifty 
pounds per acre of CaCN 2 in the greenhouse prevented infection, but 
880 poimds in the field did not inlnbit the parasite completely. 

Ca(OH)2 at the rate of 4,000 poimds per acre gave good control in 
1933 and in 1934. Three thousand pounds reduced infection fairly 
well in 1933, but thrii plot showed a decided increase in infection in 
1934. Con trol on the 2,000-pound plot was nearly as good as on the 

» Lueson, R. il., md Walker, J, 0. See footnote 3. 
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4,000-pound plot, but the former had received an application of 
Ca(OH )2 in 1930. 

CaCNa was commercially effective only in the 440- and S80-pound 
applications on plots where Ca(OH )2 had been apphed in 1930. 
Where lime had not been applied previously, the CaCN. plots showed 
high percentages of clubroot infection in both 1933 and 1934. 

In 1934, 22 plots, 2 by 3 rods in dimension, were laid out in the 
Franksville field (series 2). They are listed in table 3 in their order 
of position, and the type of treatment in each is indicated. The soil 
reaction in each plot was determined before any treatment was made 
and again after the crop was harvested. CaCNo and Ca(OH )2 were 
applied on May 4. At the time of planting, on June 21, 0-9-27 
fertilizer was applied in the row at the rate of 300 pounds per acre. 
Favorable weather prevailed immediately after transplanting, but 
the following 2 months were decidedly deficient in rainfall. Growth 
was therefore very slow and the midseason variety used, Marion 
Market, produced small heads. After harvest (Sepk 11) 100 plants 
in each plot were pulled and examined for the occurrence of the 
disease on the roots. 


Table 3. —The effect of various amounts of calcium hydrate and calcium cyanamide 
on clubroot infection in the field; Franksville series 2, 19S4 


INDIVIDUAL PLOTS 



I 


Soil reaction 

Clubroot- 

Yield 

Plot no. 

Chemical applied 

Quantity 

.Before ap¬ 
plication 

-4ftcr 

harvest 

infected 

plants 

per 

acre 

1. 

None..^ 

Pounds 
per acre 

pH 

6.2 

pH 

6.2 

Percent 

69 

Tom 

4 0 

•> 

Oa(OB )2 . 


6.2 


36 

4 0 

3. 

CaCNal.. 

'200 

e .2 

6.5 

32 

4.1 

4. 

None. 


6.1 

6.2 

50 

4.1 


CaCNa.. 

400 

6.2 

7.6 

66 

5.3 

6. 

.do. 

800 

6.8 

7.4 

58 

5.1 

7. 

None. 


7.0 

6.8 

64 

5 .5 

S... 

Ca(OH )2 .. 

1,500 

; 5.9 

7.6 

59 

5.2 

9.._. 

CaCNa-—. 

200 

6.2 

6.8 

55 

4.5 

10. 

None... 


6.3 

8.2 

72 

5.9 

11. 

CaCNj. 

400 

6.2 

6.7 

44 

6.7 

12.. 


800 

6.1 

7,2 

29 

5.5 

13.. 

None. 


6.1 

(L2 

54 

5.1 

14..1.. 

Ca(OH )2 .. 

1,600 

6.1 

7.6 

50 

5.5 

15. 

CaCNa..... 

200 

6.8 

6.7 

74 

7.1 

16. 

None. 


6.6 

6.6 

80 

5.7 

17. 

CaONa. 

400 

6.3 

7.0 

57 

4.8 

18... 

do 

800 

6.1 

7.2 

32 

4.4 

19.. 

’ Ca' (Oli)7-’ ” IIII ”1'- IIII '.I"' I 

1,600 

8.9 

7.8 

42 

5.5 

20. 

CaCNa...... 

200 

6.2 

6,7 

76 

4.8 

21. 

None.... 


6.8 

6.5 

55 

4,0 

22___ 

CaCNa__ 

400 

6.1 

6.S 

65 

4.0 


AVEEAGES FOR NUMBER OF PLOTS INDICATED 


7. 

None. . . 

. 6.4 

6.4 

fS.4 

4.90 

4. . . 

Ca(OH )2 . 

1,500 6.3 

7,6 

46. S 

5.05 

4. 

CaGN2l .... 

200 6.4 

6.7 

59.3 

5.13 

4. 

. do. . . 

400 6.2 

1 6.9 ; 

58.0 

1 5,20 

3. 

.do-.. 

800 6.3 

1 7.3 1 

39.7 

i 5.01 


Clubroot was by no means held in check completely in any of the 
plots. There was considerable variation between duplicate plots of 
the same treatment. The untreated plots varied from 50 to 80 
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percent in the number of diseased plants; the Ca(OH )2 treatment 
varied from 36 to 59 percent; the 200-pound CaCNa treatment from 
32 to 76 percent; the 400-pound CaCN 2 treatment from 44 to 66 
percent; and the 800-pound CaCNa treatment from 29 to 58 percent. 
The variability rather detracts from the value of the differpces 
between the averages for each treatment. Certainly there is no 
significant difference between the 200- and 400-pound treatments of 
CaCN 2 and the control. The hydrate treatment and the 800-pound 
cyanamid treatment changed the soil reaction to alkaline and seem 
to have reduced infection distinctly although not by any means 
completely. 

The yields from the various plots show no consistently significant 
differences between treatments. This may be due in part to the 
poor conditions for growth. 

The third trial in 1934 was on the Miller farm. Plots were laid 
out in a portion of the field which was known to have shown clubroot 
when it last grew cabbage several years before (about 1930). At 
that time it had received an application of 1,000 pounds of Ca(OH )2 
per acre. In the fall of 1933, 20 loads of manure per acre were 
applied. CaCNa was applied on May 12 and disked in thoroughly. 
At the time of planting, on July 10, 125 pounds of 3-12-12 fertilizer 
per acre were applied in the row. Wisconsin All Seasons, a late 
yellows-resistant sauerkraut variety, was used. 

As a result of the low' rainfall in July and August, growTh was very 
slow. During September and October precipitation wms fairly 
abundant. The remainder of the growing season, how'ever, was not 
long enough and at harv'est on October 31 many heads were still 
soft and immature. On this date a 6-rod strip in the central three 
rows of each plot was harvested and w'eighed. Fifty plants in each 
were pulled and examined for disease. In table 4 the order of the 
plots in the field is maintained. The reaction of the soil originally 
was about the same as that of the Franksville soil. The 825-pound 
treatment was the only one which brought the soil to neutrality. 
There is rather conclusive evidence here that the two heaviest treat¬ 
ments reduced clubroot infection materially. As at Franksville, 
however, there w'as no measurable benefit of calcium cyanamide in 
increasing yield. 

Table 4.— The effect of various amounts of calcium cyanamide on clubroot infection 
in the field; Miller series, 1934 


Plot no. 

Eate of 
CaCns 
applica¬ 
tion 

Soil reaction 

Club¬ 

root 

infec¬ 

ted 

plants 

Yield 

per 

acre 

Plot no. 

Eate of 
CaCna 
applica¬ 
tion 

Soil reaction 

Club¬ 

root 

infec¬ 

ted 

plants 

Yield 

per 

acre 

Before 

applica¬ 

tion 

After 

harvest 

Before 

applica¬ 

tion 

After 

harvest 

1.' 

Pomnis 
per uere 
None 
2f» 
None 
4W 

! 

pll 
6.1 1 
6.3 ‘ 
6.2 
6.0 

pn 

6.2 i 

6.5 

6.3 
6.7 

Percent 
62 
44 
56 
14 1 
! 

Tons 
7.4 
11.5 
13.7 
15.9 

5_. 

6. 

7.^ . 

Founds 
per acre 
None ^ 
825 
None 

pH 

6.0 

6.1 

G.l 

pH 

6.2 

7.0 

6.2 

Percent 

30 

6 

65 

Tons 
14.2 
12.7 
8. S 


DISCUSSION 

The potential value of CaCN^ in the control of clubroot can be 
^tiinated best from the greenhouse pot tests since the conditions 











July 15,1935 Calcium Oyanamide in Control of Clubroot of Cabbage 189 


under wKich they were conducted probably approach the optiiiiuni 
both for the activity of the parasite and for hydrolysis of the chemical. 
In these tests CaCN 2 at the rate of 125 pounds per acre was somewhat 
more effective than Ca(OH )2 at the rate of 350 pounds per acre. 
CaCN 2 at 250 pounds completely inhibited infection, while this 
degree of control by Ca(OH )2 was not reached until 525 pounds per 
acre was applied. 

A given amount of CaCN 2 was decidedly more effective than the 
corresponding amounts of Ca(OH )2 and CO(NH 2)2 derived from its 
hydrolysis. This fact suggests that CaCN 2 affects the clubroot 
organism not only through the basic substances formed from it but 
also through the toxic effect of the CN 2 anion in the soil solution 
before hydrolysis is complete. 

Under field conditions in southern Wisconsin in 1933 and 1934 
much heavier applications of CaCN 2 and of Ca(OH )2 did not com¬ 
pletely control clubroot even though the materials were worked into 
the soil quite thoroughly. As earlier pointed out in comparative 
greenhouse and field experiments with Ca(OH) 2 , field environment 
appears to influence greatly the effectiveness of CaCN 2 as a clubroot 
inhibitor. Where Ca(OH )2 had been applied to the soil 3 or 4 years 
previously, 400 to 800 pounds of CaCN 2 per acre was fairly effective 
(Franksville series 1 and Miller series), although complete control 
was not attained. The results show, however, that CaCN 2 has some 
value and from the limited results obtained in the field and greenhouse 
it appears to be about twice as effective pound for pound as Ca(OH) 2 . 
Where a nitrogen fertilizer is needed, it can be used together with 
lime as a corrective for soil acidity wdth the expectation that condi¬ 
tions for clubroot infection will be made less favorable, and the 
completeness of control will be influenced by the soil environment. 

SUMMARY 

A study was made of the influence upon cabbage-root infection of 
CaCN 2 when applied to clubroot-infested soil. 

In greenhouse tests with soil having a reaction of pH6.4, CaCN 2 at 
the rate of 250 pounds per acre prevented infection while 525 pounds 
of Ca(OH )2 was required to accomplish the same effect. 

When CaCN 2 was compared with corresponding amounts of 
Ca(OH )2 and' CO(NH 2)2 resulting from its hydrolysis, the fungicidal 
value of CaCN 2 was greater, indicating that its toxicity is due not only 
to the basic substances formed from it, but also to the CN 2 anions in 
the soil solution before hydrolysis is complete. 

Much higher quantities of CaCN 2 were required to reduce infection 
in the field than in the greenhouse, which is similar to results secured 
with Ca(OH )2 earlier and in this series of experiments. This differ¬ 
ence is interpreted as due to the influence of soil environment upon 
the effectiveness of both of these chemicals. 

The results in the greenhouse and in the field indicate that CaCN 2 
is roughly about twice as effective, pound for pound, as Ca(OH )2 
in reducing the amount of clubroot infection. 

In cases where soil acidity needs to be corrected in order to reduce 
clubroot infection, CaCN 2 can be used up to the point where the 
need for available nitrogen is satisfied. If a still larger amount of a 
neutralizing element is required, Ca(OH )2 should he used to supple¬ 
ment the cyanamide. 


o 
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A PHYSIOLOGICAL STUDY OF CRACKING IN 
STAYMAN WINESAP APPLES' 

By Leif Verner ^ 

Assistant horticulturist^ West Virginia Agricultural Experiment Station 

INTRODUCTION 


Cracking of fleshy fruits while still attached to the parent plant 
occurs in many cultivated species. In sweet cherry, apple, plum, 
peach, grape, strawberry, and some citrus fruits this kind of injury 
is sometimes so extensive as to result in great economic loss to growers. 
Rapid deterioration usually follows the exposure of the .ruptured 
tissues to the air, and the injured fruit becomes worthless o|jbr inferior 
grade. Losses of this nature amounting to as much as 75 percent 
have been observed by the writer in commercial orchards of sweet 
cherries, apples, and plums. Many fruits, on the other hand—such 
as sour cherry and some varieties of apple—seldom exhibit this 
phenomenon. In many fruits there are wide varietal difl'erences in 
the extent to which cracking occurs under apparently similar envi¬ 
ronmental conditions. 

The present paper deals primarily with cracking of the skin and 
underlying tissue in the fruit of the Stayman Winesap apple. Most 
of the observations and experiments were made in 1932-33 at the 
West Virginia University Experiment Farm at Kearneysville, and in 
1933-34 at the Laboratory of Plant Physiology of the tfohns Hopkins 
University. 

In this study cracking has been observed extensively in only two 
varieties of apples, the Stayman Winesap and the York Imperial. 
In the Stayman Winesap cracking occurs largely on the cheeks of 
the fruit in the form of irregular breaks in the skin and underlying 
flesh (fig. 1). Individual cracks vary from almost infusible short slits 
to cracks several millimeters deep that extend in an approximately 
horizontal plane entirely around the fruit. There is no marked 
predominance of cracks in any particular plane in relation to the long 
axis of the fruit. Late in the growing season cracks originating near 
the fruit stem and extending outward in nearly straight meridional 
lines towards the cheeks are com.nionly observed. Cracks around 
the calyx basin are ram. In the York Imperial, cracks originating 

1 Received for publication Jan. 7.1935; issued Septembsr, 1935. Botanical contribution no. 130 from tbe 
Johns Hopkins University and scientific paper no. 143 from the West Virginia Agyieultural Experiment 
Station. This paper was presented as a dissertationin partial fulfillment of the requireroents for the degree 
of doctor of philosophy, received in June 1934, from the Johns Hopkins University. 

2 For many helpful suggestions relating to these experiments, espeeially with reference to evaporativity 
as a climatic feature and to water relations in general, and for much help in interpreting the waits and 
presenting them in this form, the writer wishes to express his appreciation to Prof. Burton E. Livingston, 
director of the Laboratory of Plant Physiology of the Johns Hopkins University. Helpful suggKttoes 
were receiv^ also from Hr. H. E. Knowlton, head of the Horticulture Department of West VOTlma Uni¬ 
versity; and a^nowledgment is due Dr. A. B. Groves, of the Winchester Research Laboratory, Wmehester, 
Va., for taking the photographs used in figure 1. 
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Wmmm l.—Olmraeto'iss^c icracks in Stayman Winesap apples: A, Healed crack; B, D, and B, cracks 
ociginalmg in regions &! rasret; C, cracks originating in regions deformed by apple scab lesions; F, cracks 
Ofigmating in or wm tbe stem depression. 
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at the calyx and extending like meridians toward the cheeks have been 
predominant in several hundred cracked specimens examined. Cracks 
in the stem cavity are also common in this variety, but on the cheeks 
of the fruit they are of much less frequent occurrence in the York 
Imperial than in the Stayman Winesap. In many specimens of Stay- 
man Winesap, and in a few specimens of York Imperial, cracks that 
originated early in the season, when the apple was not nearlv full 
grown, usually healed by suberization. 

REVIEW OF LITERATURE 

It has commonly been stated or implied that cracking of fruits 
is caused by a great and sudden increase in the water content of 
the soil, and that maintenance of a nearly constant soil-moisture 
content about the tree roots throughout the season of fruit growth 
should prevent cracking or greatly limit its severity. Discussing 
water relations of deciduous fruits in general, Chandler (§, p. 165)'^ 
states that ‘^Certain injuries, such as cracking of the fruit, may result 
from a heavy iirigation late in its development, if growth has been 
checked by lack of water earlier.” 

Gardner, Bradford, and Hooker {12^ p. 83) say that splitting is 
^'most likely to occim shortly before maturity when rains follow a 
period of drought during which the fruit has been checked in its 
growth * * Heavy, late irrigation following a long dry season 

has the same effect.” These writers suggest that a previous retarda¬ 
tion of growth may render the fruit skm less able to expand rapidly 
in response to increased pressure within, thus predisposing the fruit 
to cracking when the growth rate is suddenly accelerated. 

According to Heald (17, pp. 101-101): 

The rupturing of nearly mature, soft-skinned fruits, such as cherries, plums or 
tomatoes, when a rain follows a rather prolonged dry period is a fairl}^ common 
phenomenon. These troubles have been proved to result from high sap pressure 
due to excessive water supply. 

It is not clear whether the term '^sap pressure” as used here refers 
to the vacuolar contents of the living cells in the region of the crack 
or to the contents of the tracheae which supply water to these cells; the 
causes of excessive pressure in the two cases might be very different. 

Coit (9) discusses in some detail the development of splits in citrus 
fruits, with special reference to the navel orange. He says that these 
ruptures occur most frequently in the navel but are also found on the 
sides of the fruit, where they are associated with terratalogical cavi¬ 
ties or “seams” in the skin. Regarding the causes of splitting in 
oranges, Coit states (9, p. 328): 

The most common theory in regard to the cause of splits is that an irregular 
water supply causing wide variations in the moisture content of the soil, produces 
a greater fluctuation in the growth of the interior than in the skin of the orange. 
Such a theory is quite reasonable, but such a cause should be regarded as contribu¬ 
tory only, inasmuch as only a part of the fruit on any given tree will split. 

Fawcett and Lee (11) point out that splits in citrus fruits are com¬ 
monly associated wdth diseased tissues, such as lesions due to Alter- 
naria citri or those accompanying the disease exanthema. In that 
disease the region of the oil vesicles in the rind is impregnated with 
gummy substances of the nature of pentosans, which, as these writers 


3 Reference is made by number (italic) to Literature Cited, p. 
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suggest., may absorb water excessively when the water supply is 
plentiful and so cause rupture through abnormal swelling. 

Boussingault in 1873 {2) demonstrated the abhity of fruits of 
cherry, plum, pear, grape, and other horticultural forms to absorb 
water through the sldn when submerged for a long period. Hartman 
and Bullis {16) reported that cracking of sweet cherries occurred in 
the Willamette Valley, Oreg., as a result of excessive water absorption 
by the fruit, either directly through the skin in wet weather or by 
way of the root system and vessels. 

In extensive experiments with different periods and amounts of 
irrigation, Verner and Blodgett {29) were unable to observe any 
relationship between soil moisture and cracking in the three varieties 
of sweet cherries with which they experimented, although they tested 
extremes of soil moisture far beyond those usually found in irrigated 
orchards. Sawada {21), who experimented in Japan on the splitting 
of sweet cherries, likewise concluded that extremes of soil moisture 
played no direct part in producing the injury. He flooded the soil 
about the root system of a potted tree bearing mature fruit, but this 
drastic treatment failed to produce cracking. 

Sawada was able to prevent cracking of sweet cherries on the tree 
by enclosing fruits in paraffined paper. By excluding rain by means 
of waterproof tarpaulins, Verner and Blodgett {29) succeeded in 
preventing the cracking of ripening fruit on large branches of sweet 
cherry trees in rainy periods, when severe cracking occurred on the 
exposed parts of the same trees. They concluded that cracldng in 
this fruit was due mainly to direct absorption of rain water through 
the fruit skin. When fruits were held for a time under water, high 
rates of water absorption and pronounced cracking were both found 
to be concomitant with high concentrations of solutes in the expressed 
fruit juice, tliis concentration being regarded as a rough measure of 
the osmotic value of the cell sap. 

Howard ^ states that he has observed splitting of sweet cherries in 
orchards at Mountain Vieiv, Calif., near San Francisco Bay, in periodT*^ 
of heavy fog without rain and without change in soil-moisture content 
through irrigation, and he suggests that tins phenomenon may have 
been due to a sudden increase in the rate of water supply to the fruits, 
which might result from a decrease in the rate of water loss from the 
leaves. He says that root pressure might, under such circumstances, 
promote cracking by causing water to be forced into the fruit tissues 
from the vessels. Rixford {20) states that figs have been observed 
to split under conditions of high atmospheric humidity without rain 
or irrigation. 

In the varieties of apples knowu as Cox Orange and Dunn, Camp¬ 
bell (7) and Goodwin {13) describe a russeting and cracking that led 
to great losses in the Nelson district of New Zealand. The latter 
writer, describes the skin breaks of these apples as occurring 
only in conjunction with russeting or with lesions produced by the 
conotbecium disease, consider the disorder as dependent upon general 
debility of the tree. ' . , . 

Sorauer ( 23 ) discusses the rupture of fleshy plant parts in general, 
considering the causal relations to be much alike in the many different 
forans of th is disorder that he mentions, including fruit cracking in 

, * Hwieb, W. li. Correspoadeii'Ce. 1932. 
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cherrjj plum, and grape, bursting of carrots and beets, and splitting 
of stems in kohlrabi, rape, bean, and potato. He says {23, p. 322): 
^h411 these phenomena have one characteristic in common—that they 
are initiated only when, after a considerable period of normal devel¬ 
opment, or still more after a previous dry period, an unusual supply 
of water is given suddenly.’’ 

According to Graebner (14-), periods of drought result in the devel¬ 
opment of strengthening tissues, which usually appear first in the 
xylem and phloem. Mechanically strengthened cells have, as a rule, 
lost their ability to divide and most of their capacity to enlarge. If 
the water supply is greatly increased after a dry period, in the course 
of which the growth ability of some cells has been lost or has been 
greatly reduced, then the meristematic groups quickly resume growth, 
but corresponding growth cannot occur in the strengthened cells. 
Resultant differences in growth rates between contiguous mechanical 
and meristematic tissues may thus lead to excessive tensions, and rend¬ 
ing of the mechanical tissue may ensue. 

In a recent study by Frazier ^ it was found that tomatoes cracked 
most severely after heavy irrigation at the end of a prolonged dry 
period. Cracking was less severe in plots with frequent irrigation, 
which pi'evented excessive drying of the soil, and it was least severe 
in plots where the soil-moisture content remained low throughout the 
growing season. Shaded fruits cracked much less than those exposed 
to the sun. 

Tracy (25) states that cracking of tomatoes may be prevented by 
enclosing the fruits when half grown in paper bags ; but he points out 
that this treatment slightly impairs the flavor of the ripe fruit. 

METHODS OF EXPERIMENTATION 

The conditions that were studied in relation to cracking of apples 
may be divided into (1) external and (2) internal. The external 
conditions included those of weather (air temperature, air humidity, 
precipitation, evaporativity) and those of the soil, especially soil- 
moisture content. The internal conditions included rate of fruit 
enlargement, abnormalities of the peripheral region of the fruit, and 
freezing-point depression of the cortical tissue. 

WEATHER DATA 

Continuous records of temperature and relative humidity of the 
air were obtained throughout the growing season by means of a hygro- 
thermograph installed in a standard United States Weather Bureau 
shelter located about 400 feet from the experimental block of trees. 
Temperatures and percentages of relative humidity, read directly 
from the automatic records at 2-hour intervals, were tabulated and 
employed as basic data. Temperature readings were used without 
modification, but corresponding readings of relative humidity and 
temperature were combined to give values of the vapor-pressure 
deficit. 

Direct indices of the evaporating power of the air and of total sun¬ 
shine intensity were obtained by means of Livingston porous porcelain 
atmometers {18, 19), both white and black spheres being used. The 
black sphere was of the new type, made of black porous porcelain, 

5 Erazxee, W. a. a study of some factors associated with the occcerence of ceaces in the 
TOMATO FRUIT, 1933. (Ph. D. diss. Univ. Md.) 
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For 5 weeks in 1933, when the apples were thought most likely to 
crack, the black sphere was mounted on one end of an upright U tube 
of small bore (4 nim), the other end of which was joined to a vertical 
glass cylinder 3 cm in diameter and 24 cm high, open at the top, which 
served as a reservoir for supplying the atmometer with distilled water. 
Within this cylinder wms a light, cylindrical glass float filled with air 
and sealed. To this float was attached a small vertical wire bearing 
a pen so adjusted that, as the float gradually descended in response 
to withdrawal of water from the reservoir, a continuous record was 
traced on a paper sheet borne by an upright, clock-driven drum. The 
slope of the tracing was thus a measure of the rate at which water 
evaporated from the standard black sphere. 

Depth of rainfall, measured by a standard United States Weather 
Bureau rain gage, was recorded at intervals not exceeding 24 hours. 

PROTECTION OP FRUIT FROM WETTING BY RAIN 

Because water absorption through the fruit skin in periods when 
the latter is covered with a film of liquid water—as during and follow¬ 
ing times of precipitation—might conceivably be among the conditions 
that lead to cracking, some apples were covered to protect them from 
wetting by ram. This was accomplished by spraying with mineral oil 
emulsions or fish-oil soap, by enclosing apples in paper or cellophane 
bags, and by covering large branches of apples with waterproof 
tarpaulins in times of rain. 

SOIL TREATMENT AND MEASUREMENT OF SOIL MOISTURE 

The soil in the experimental block of trees is a clay loam of good 
fertility belongmg to the Hagerstown series (5). Throughout the 
periods of observation on cracking there was always a moderately 
good stand of volunteer growth of weeds and grasses, which was 
undisturbed at these times. 

In a region like West Virginia, which is subject to frequent and 
sometimes heavy summer rains, the experimental establishment of 
very marked differences in soil-moisture conditions in the field is 
very difficult, but an attempt wms made to establish and maintain 
such soil-moisture differences among the experimental trees as were 
feasible. Throughout the periods when the likelihood of cracking 
was greatest, these differences were about as large as are ever found 
in orchards of this region. Special treatments with regard to soil 
moisture were as follows: (1) In 1933 the root system of one tree 
was deprived of the benefits of rains by diverting rain water from 
the root zone by means of waterproof tarpaulins supported on a 
wooden framework so arranged as to cover the soil area within and 
slightly beyond the spread of the branches, the intercepted water 
being discharged outside of that area. A marginal trench about 12 
inches back from the outer edge of the tarpaulin covering served to 
prevent water seepage into the covered area. This trench was about 
30 inches deep, extending at least 12 inches below the lowest roots 
intercepted, which were all cut. On October 6, when the fruit was 
nearly mature and when the moisture content of the upper 12 inches 
of soil under the taipaulins had been reduced nearly to the wilting 
point, a flood irrigation equivalent to 4 inches of rainfall was given. 
(2) Early in the summer of 1933 several trees were mulched with 
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straw, the mixlched area being somewhat broader than the spread of 
the branches. The covering, which was 4 to 6 inches deep after 
settling, was calculated to greatly retard water loss. 

Soil samples were taken in 1933 at intervals of from 2 to 4 days 
between August 12 and October 7, embracing a period well in advance 
of, and including, that in which the most severe cracking is usually 
observed. At each time of sampling a cylinder of soil was taken, b}^ 
means of a California soil tube {27), from the upper 6 inches and from 
the second 6 inches of soil. Samples were secured from three or more- 
locations among the experimental trees, and the moisture percentages, 
calculated on the dry-weight basis, were averaged to give a single 
reading, which is taken to represent the soil of the experimental block 
as a whole. 

FREEZING-POINT DETERMINATIONS 

Freezing-pomt depressions of samples of apple tissue were ascer¬ 
tained from time to time by means of a Beckmann thermometer, a 
special tissue-cup method described by Verner (28) bemg used. 

FRUITS UNDER WATER 

Direct absorption of water through the fruit skin was studied for 
detached apples by sealing each stem and calyx opening with paraffin, 
weighing the fruits thus sealed, and then reweighing them after they 
had been kept under tap water for a time. Branches with fruits still 
attached tvere bent down and held with the fruit under water in 50- 
gallon barrels. By means of a steel tape graduated in millimeters 
the largest horizontal circumference of each apple was measured 
before and after this w^ater treatment, and these measurements were 
compared with corresponding measurements of untreated fruits on 
adjacent branches. 

RESULTS AND DISCUSSION 

GENERAL OBSERVATIONS 
Variability in Extent of Cracking 

Field observations on apples have revealed marked differences in 
the incidence of cracking in the same orchard in different seasons, 
in different orchards in the same season, and in the same season among 
individual trees of the same orchard and branches of the same tree. 
For York Imperial and Stayman Winesap the extent of cracking in 
different orchards varied in 1932 from less than 5 to over 60 percent. 
At the experimental orchard near Kearneysville the percentage of 
fruit that cracked per Stayman Winesap tree varied from 33 to 65, 
the extremes appearing in adjacent trees. Two different branches of 
the same Stayman Winesap tree showed, respectively, 31 and 70 
percent of cracking. In several cases one Unit of a spur was badly 
cracked while a second fruit of the same spur, with almost the same 
exposure and with the same outwmrd appearance, was unaffected. 
Thus, while wnather conditions exert a major influence in the cracking 
of apples, it is apparent that physiological conditions wutMn the tree 
or fruit, not directly related to current weather features, are also 
influential. 
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Nature axd Rate of Crack Formation 

Ill periods wlien weather conditions were such as to warrant the 
prediction that cracking would soon occur, many fruits were exa^mined 
with a hand lens at frequent intervals, and it was thus possible to 
detect incipient cracks when they were much less than a millimeter 
long and to observe the regions in which they occurred and the 
manner in which they enlarged and multiplied. It was evident that 
cracks generally appeared first in restricted areas, especially in areas 
of russeting, sunburn, or high skin coloration. It appeared as though 
the peripheral tissues were exceptionally weak in such regions or the 
tissue strains were more pronounced there than elsei\here. Locali¬ 
zation was usually very definite, and it was often possible to detect a 
dozen or more minute breaks within an area of a square inch. En¬ 
largement of cracks sometimes continued for several days, especially 
if evaporation rates were low. 

hlany incipient cracks apparently originated at hypertrophied 
lenticels of the cracking area (fig. 2). If the cracks remained small 
until after the weather became drier, cork was formed in the minute 
fissures and a russeted area might thus result. The russeting here 
considered may therefore have resulted, at least in part, froin lenticel 
hypertrophy, incipient cracking, and subsequent cork formation. 

Several writers have concluded that lenticel hypertrophy may be 
caused or promoted by greatly retarded transpiration from the plant,- 
accompanied by a plentiful water supply to the regions of hypertrophy. 
Thus the formation of the corky or mealy excrescences that mark 
lenticel hypertrophy on young stems and branches of such trees as 
cherry and elder are attributed by Sorauer {2S) to temporary retarda¬ 
tion of foliar transpiration in periods of high atmospheric humidity. 
Schilberszky {22) concluded that hypertrophy of lenticels in apple 
fruits is related to an excessive water supply in the soil. Devaux 
{10) considered lenticel formation to be intimately connected with 
excessive moisture supply in underlying tissues, and Swingle {24) 
found that lenticel hypertrophy in stem cuttings of willow was directly 
correlated with their water supply under conditions of negligible 
evaporation. The proliferation that constitutes lenticel hypertrophy 
may decrease the extensibihty of the neighboring peripheral cell 
layers and louver their mechanical resistance to being torn apart; and 
if that be true lenticels might be expected to mark the weakest points, 
at which rupture should begin whenever peripheral tissue strains 
become sufficiently excessive. 

As to the formation of large cracks, numerous observations showed 
that it^ usually required at least several hours for these to develop. 
Thus, in one instance, the development of a crack 11 mm in length 
and about 1 mm in maximal depth required 3 hours, counting from 
its first clearly visible appearance as a mere slit about a millimeter 
long. Some cracks developed more rapidly; one attained a length 
of about 60 mm in 6 hours after its inception. A representative 
sample of the larger cracks showed successive lengths of 11, 18, 22, 
and 43 mm at 48-hour intervals. 
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RELATION OF NATURAL ENVIRONMENTAL CONDITIONS TO CRACKING 
Explanation op Graphs 


Data on natural fluctuations in soil-moisture content^ rainfallj 
atmometric evaporation, and air humidity in relation to cracking of 
apples on the experimental trees in 1933 are summarized in figure 3. 



Figure 2.—Hypertrophied lenticels, cracks, and russet development in a Stayman Winesap apple. X 3. 


The smallest subdivision on the abscissa represents a 2-hour interval. 
The 5-week period considered (Sept. 3 to Oct. 8) covers the latter part 
of the period of fruit enlargement.^ The ordinate scale represents the 
index values of the respective environmental features. 
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Figure 3. Relation of cracking in Stayman Winesap apples to fluctuations in environmental conditions 
Sept. 3 to Oct. 1933. See text for complete explanation. 

The march of air temperature is shown by the narrow dotted line 
umch IS derived from the automatic tracing of the thermograph, 
ihe scale factor for air temperature is 20; that is, unity on the general 
ordinate scale at the left represent8'20° F. 
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The wider dotted line shows the inarch of the water-saturation 
deficit of the air. This deficit is taken to represent the current eva¬ 
porating power of the air with the wind and radiation factors removed. 
For this feature unity on the ordinate scale corresponds to a water- 
vapor pressure deficit of 8 mm of a barometric mercury column. 

The occurrence of measurable rainfall is indicated by vertical black 
bars. ^ The height of any bar shows the total depth of rain accumu¬ 
lated in the 24-hour period ending at 6 p. ni. on the day referred to. 
Duration of rainfall was not recorded; therefore only a" single bar is 
shown for each day with measurable precipitation, and all these bars 
have the same width, which is arbitrary. The scale factor for rainfall 
is 0.2 inch or approximately 0.5 cm. 

Fluctuations in the rate of evaporation from the standardized black 
porous-porcelain atmometer sphere, exposed in the open, are shown 
by the hachured stepgraph of figure 3. This graph is plotted for every 
2-hour period, as though it consisted of vertical bars, each 2 hours in 
width. The height of each bar or step represents the total accumu¬ 
lated water loss for its period. The scale factor for evaporation is 
2 ml per 2-hour period; that is, unity on the general ordinate scale 
corresponds to water loss from the instrument at a mean rate of 1 ml 
per hour for the corresponding 2-hour period. It is at once obvious 
that the intensity of this feature fluctuated greatly and that there 
"were occasional periods without measurable evaporation. For such 
periods this graph naturally coincides with the base line. The hori¬ 
zontal extent of each hachured block has been indicated by broadening 
the base line, and intervals without measurable water loss from the 
atmometer are clearly shown by the absence of the broad base line. 
Periods without evaporation, or periods of very" slow evaporation, are 
of special interest, as will later appear. 

Observations on cracking of the fruit were made at intervals of 2 
or 3 hours in the daytime, but no observations of this sort were made 
at night. For each observation cracking was recorded only for the 
number of fruits that had been noted as uncracked at the last pre¬ 
ceding observation. Consequently the total nimiber of observed 
fruits used as a basis for these percentages became smaller as the 
season advanced. Naturally, the most susceptible fruits were the 
fii'st to crack when external conditions favored this injury, and later 
observations on occmTence and degree of cracking were confined to 
fruits that had not already been recorded as cracked. In the present 
connection all cracks were'considered as equal, and no attention is 
here given to additional cracking of fruit previously recorded as 
showing cracks. 

Because of these considerations the percentage values derived from 
the observational counts should be adequately weighted or re-evaluated 
before bemg employ^ed quantitatively in this part of the study, but no 
satisfactory way of so modifying them has been found. Therefore the 
cracking record presented in figure 3 is in very general terms as (1) 
slight, (2) moderate, and (3) severe; representing, respectively, about 
the following values: (1) from 1 to 5 percent, (2) from 6 to 15 percent, 
and (3) more than 15 percent. These three relative degrees of cracking 
are indicated, respectively, by small, medium-sized, and large black 
triangles placed just beneath the base line; the abscissal position of 
each triangle shows when the corresponding outbreak of cracking was 
observed. 
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Relation op Air Temperature and Soil Moisture to Cracking 

There appears to be no correlation at all between air-temperature 
fluctuation and the occurrence of cracking, so far as may be judged 
by a study of the graphs of figure 3. 

^ The flukuations of soil-moisture content shown in figure 3 exhibit 
no relation to cracldng. These fluctuations were relatively slight, and 
it is safe to suppose that the soil-moisture content of the first 6-inch 
and the second 6-mch depth was, in the 5-week period considered, never 
low enough to approach closely the value of the wilting coefficient of 
this soil. "The wilting coefficient of the soil of the experiment orchard 
at Kearneysville may be estimated as about 10 percent on the gravi¬ 
metric basis and according to Yeihmeyer’s {26) interpretation of this 
apparent^ critical value. The depth to which the present records 
refer (0 to 12 inches) is estimated to have included the region occupied 
by more than three-fifths of the roots of these trees. 

Veihmeyer has shown {26) that the rate of water utilization by 
prune and peach trees with which he experimented in southern Califor¬ 
nia was independent of the amount of moisture present hi the soil as 
long as this amount was above the wilting coefficient. He found that 
the rate at which water was removed from the soil by a tree appeared 
to be determined primarily by the evaporating power of the air and the 
magnitude of the total leaf surface of the tree. If this is generally 
true of fruit trees it is hardly to be expected that changes in soil 
moisture within the limits usually met with in nonirrigated orchards— 
that is, above the wilting point and below field saturation—should 
affect changes in the water balance of the tree sufficient to produce 
cracking. 

Relation of Rainfall to Cracking 

Since soil-moisture content shows no apparent relation to cracking, 
wetting of the soil by rain is not to be regarded as among the influences 
that promoted this injury. If the occurrence of rain really promoted 
cracking in this 5-week period its influence must have been exerted 
in some other manner than through an increase in the supply of water 
to the tree roots. During rainy periods the foliage and the apples 
themselves w'ere, of course, more or less completely covered with 
water, and it is conceivable that direct absorption of water through 
leaf epidermis and fruit skin may have been directly or indirectly 
influential in promoting the tissue strains that lead to cracking. 

An indirect way in which the occurrence of a rainy period following 
a drier one might promote cracking is thi'ough sudden lowering of the 
transpiration rate, for transpiration must be practically prevented as 
long as the transpiring surfaces are covered with water. But in 
periods of little or no evaporation, transpiration must be very slow 
whether or not rain occurs. 

However these interdependent variables, rain and evaporativity, 
may operate in general, a study of the graphs in figure 3 makes it 
clear that, although the outbreaks of cracking usually were preceded 
immediately by rain, this was not always so. Thus in several instances 
(on Sept. 27 and Oct. 3, 4, and 7) cracking was observed when there 
had bean no recorded rain for from 36 hours to several days, and in 
other instances (Sept. 20 and Oct. 1) cracking failed to occur in spite 
of heavy mins. 
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Relation op Atmometric Evaporation to Cracking 

Figure 3 shows, for the 5-week period represented, a very clear 
and consistent relation between occurrence of cracking and occurrence 
of very low rates of evaporation from the black atmometer sphere. 
Cracking was never observed except after a period of slow evapora¬ 
tion, and nearly every period of 6 hours or more without recorded 
evaporation was accompanied or immediately followed by cracking. 
On October 7 cracking followed two 4-hour periods without evapora¬ 
tion, the two periods being separated by a 2-hour interval with very 
low rate. On the other days when cracking occurred it was preceded 
in every instance by at least 6 hours without measurable water loss 
from the atmometer. As has been mentioned, although prolonged 
periods without atmometric evaporation were, in a number of in¬ 
stances, concomitant with periods of rainfall, there were also periods 
of cracking that obviously were not related at all to the occurrence 
of rain. Examination of figure 3 shows that these periods of cracking 
without antecedent rain (Sept. 27 and Oct. 3, 4, and 7) in eveiw 
case were immediately preceded by from 6 to 8 hours of little or no 
measurable atmometric evaporation. Conversely, as has just been 
pointed out, on October 1 no cracking was observed during or follow¬ 
ing a rain of 0.92 inch, w^hen the evaporation rate was zero for only 4 
hours, then rose abruptly; nor was there any cracking following the 
lighter rain of September 20, when, also, the period of slow evaporation 
was short. The nonoccurrence of cracking in the prolonged periods of 
low evaporation on September 5 and September 30 may, perhaps, 
be accounted for partially or wholly by the fact that in each case 
there Had been considerable cracking on the preceding day; pre¬ 
sumably the apples currently most susceptible to this injury had 
already cracked. 

Relation of Water Vapor-Pressure Deficit of the Air to Cracking 

As would be expected, the graphs of vapor-pressure deficit have 
almost exactly the same form as the corresponding ones of atmometric 
evaporation. The period from September 13 to 16 (fig. 3) includes 
two intervals for which this deficit has zero value and both of these 
are without measurable atmometric evaporation. Also, both show 
records of severe cracking. The remaining intervals without measur¬ 
able evaporation from the black sphere, as these are represented in 
figure 3, show very low deficit values of 1 mm or less. All the out¬ 
breaks of cracking recorded in this figure were preceded by 4 or 
more hours with vapor-pressure deficit below 1.6 mm. 

A fairly close relationship was found to exist between relative 
humidity, or relative-humidity deficit,^ and cracking. The most 
extensive cracking in any 24-hour period in 1933 took place on 
August 24 in a 10-hour period when relative humidity was recorded 
as 100 percent. This period followed a rainfall of 4.25 inches. In 
1932 approximately 40 percent of the crop of Stayman Winesap apples 
in the experimental orchard were damaged by cracking in a 38-hour 
period on October 17 and 18, when the recorded relative humidity at 
no time was below 99 percent. The total rainfall for these 2 days 
was 2.07 inches, but the soil had a high water content before the 
rain began. A heavier rain on October 5 and 6, totaling 2.85 inches 
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but accompanied by humidity for the most part well below 90 per¬ 
cent, caused no cracking. S imil ar instances of apparent association 
of cracking with prolonged high air humidity, either with or without 
rainfall, were observed many times in 1932 and 1933 and in several 
varieties of apples, including Stayman Winesap, York Imperial, 
Northern Spy, Wealthy, and Yellow Transparent. At no time 
during these 2 years was cracking observed except during periods of 
S hours or more when relative humidity was above 90 percent. 

ORCH.\RD EXPERIMENTS WITH MODIFICATION OP NATURAL ENVIRONMENTAL 

CONDITIONS 

Modification of Soil-Moisture Content 

In an attempt to obtain somewhat greater extremes in soil-moisture 
content than ordinarily occur in the region in which these experiments 
were conductedj the soil over the root system of one tree was pro¬ 
tected from rain for several weeks by means of waterproof tarpaulins, 
as has been noted. This shelter was erected on August 31, 1933, when 
the average soil-moisture percentage for the upper 12 inches in the 
experimental block was 18.1. It was removed on October 6, when 
the r2-inch index for the sheltered soil had decreased to 12.4 percent 
and that for the rest of the block was 17.4 percent. Immediately 
after the removal of the tarpaulins the soil area that had been covered 
was given a flood ii'rigation equivalent to 4 inches of rainfall. About 
10 hours later the 0- to 12-inch soil-moisture content for this area 
was found to have increased to 20 percent. This sudden increase in 
soil moisture failed to produce any cracking. Similar irrigation of 
one tree in 1932, without previous use of tarpaulins but following 
prolonged dry weather, had also failed to produce cracking. A heavy 
straw mulch had no apparent influence on cracking, although such a 
soil cover retards water loss from the soil while it permits free pene¬ 
tration of rain water. 

Between August 31 and October 6, 1933, there was cracking of 
the fruit on the tree with the tarpaulin-sheltered root system when 
cracking wsls common among other trees of the experimental block. 
Since the soil about the roots of this tree was protected from being 
whetted, by rain throughout that period, it is clear that wetting of 
the soil was not required to produce cracking. Whether or not a 
sudden and sufficiently pronounced rise in soil-moisture content 
following a period of ve^ dry soil may lead to cracking of apples 
under certain conditions is, of course, still an open question; but the 
present study furnishes no clear evidence that wetting of the soil 
was causally related to the cracking here recorded. Under the natural 
and the artificially modified soil conditions of this study, it appears 
that very slow atmospheric evaporation was probably the immediate 
external cause of cracking. 

Fruits Protected prom Wetting by Rain 

With the pc^ibility in mind that direct w^ater absorption through 
the apple skin in a period of rain may sometimes be a contributing 
cause of cracking, the following experiment was carried out. A large 
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branch, bearing about 50 apples, was covered wdth a waterproof 
tarpaulin when rain occurred, the cover being removed when rain had 
ceased and the rest of the fohage was;no longer wet. In a period of 
no atmometric evaporation, which was accompanied By rain, three of 
these protected apples cracked in spite of the fact that their skins 
were superficially dry. Although the number of apples involved in 
this test was not sufficient to furnish general evidence as to whether 
the prevention of wetting reduced the percentage of cracking, the 
result clearly supports the evidence already discussed that wetting of 
the fruit surface by rain is not, at least in general, necessary to cause 
cracking. The presence of rain water on the fruit may, however, 
favor cracking when other influences also are favorable to it. 

Attached Branch Under Water 

On September 30, 1932, a large Stayman Winesap branch bearing 
fruit without any cracks w^as bent down into a barrel of water so that 
all the apples and most of the leaves and small branches were sub¬ 
merged. This experiment continued for 4 days, and in that time severe 
cracking occurred. In the 4-day interval there were no periods of 
very low evaporation rates and no change of soil-moisture content 
other than the usual slow decrease due to ordinary evaporation and 
root absorption. At the same time no cracking of normally exposed 
fruits was observed, either on the same tree or on others. Measure¬ 
ments of maximal horizontal circumferences of the submerged apples, 
and of those on an adjacent untreated branch of the same tree, showed 
that in the 4-day period the mean rate of enlargement of the sub¬ 
merged fruits was much greater than that of the exposed ones. Details 
of this experiment are presented in table 1. 

The fruits of both groups were originally of about the same size. 
The maximal enlargement percentage for submerged fruits (2.52) is 
almost double that for exposed fruits (1.34). The average enlargement 
percentages are 1.47 (submerged fruits) and 0.93 (exposed fruits), the 
former being about 1.58 times the latter; that is, the apples on the 
branch under water increased their maximal horizontal circumferences, 
on an average, about 58 percent more rapidly than did the apples on 
the exposed branch. 

Twenty of the thirty-four submerged fruits cracked in the 4-day 
interval considered, but there was no cracking among the exposed 
fruits. The submerged fruits may be classified in three groups, accord¬ 
ing to their rates of enlargement, nos. 1 to 11 being considered as 
enlarging slowly, nos. 12 to 22 as enlarging at an intermediate rate, and 
nos. 23 to 34 as enlarging rapidly. The average length of cracks in the 
slowly enlarging group was 0.75 cm (2 out of 11 apples cracked), in 
the median group 6.0 cm (7 out of 11 apples cracked), and in the 
rapidly enlarging group 7.6 cm (11 out of 12 apples cracked). 
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Table 1. — Enlargement rates of Stay man Winesap apples still attached to tree, 
some on branch submerged in water and others normally exposed on adjacent 
branch of same tree, together with records of cracking for submerged fruits, Sep¬ 
tember 30 to October 4, 1982 

[Xo cracking of exposed fruits occurred. Data are arranged in ascending order of enlargement rates in 

each group] 



On submerged branch 

On adjacent branch 

Apple no. 

Sept. 30, 
original 
circum¬ 
ference 

Oct. 4 

Sept. 30, 
original 
circum¬ 
ference 

Oct. 4, 

Increase 
in circum¬ 
ference 

Total 
length of 
all cracks 

increase in 
circum¬ 
ference 


Centimeters 

Percent 

Centimeters 

Centimeters 

Percent 

1...... 

22.95 

0.22 

0) 

22.95 

0.65 


22.05 

.45 

(0 

22.70 

.60 

3........ 

24.05 

.63 

0) 

22.15 

.68 

4.... .. . 

22.95 

.65 

1.1 

21.30 

.70 

5.-. .. 

22.70 

.66 

0) 

21.65 

.70 

6...... 

19.65 

.76 

7.1 

19.65 


7.-.... 

23.40 

.85 

(1) 

2130 

.82 

S._. 

23.10 

.86 

Q) 

24.15 

.83 


22.30 

.90 

0) 

23.60 

.84 

10... 

22.10 

.90 

(0 

23.40 

.85 

11.-. 

22.75 

.90 

(0 

22.20 

.90 

12.-. 

24.36 

1.23 

11.8 

21.70 

.92 

13.. 

19.55 

1.28 

(1) 

21.12 

.94 

14.. . .. 

23.10 

1.30 

(0 

20.60 

.97 


23.20 

1.30 

1.1 

20.00 

1.00 


23.00 

1.30 

1.4 

2165 

1.02 

17. .. 

18....... 

21.65 

1.39 

(0 

2105 

1.04 

22.50 

1.51 

5.7 

23.90 

1.04 

19... 

22.50 

1.51 

17.6 

23.20 

1.08 

20.-____ 

21.80 

1.60 

(1) 

23.00 

1.09 

21... .. 

22..... 

20.70 

1.69 

14.8 

22.75 

1.10 

23.50 

1.70 

14.5 

22.60 

1.10 

23... 

21.50 

1.86 

(0 

22.85 

1.10 

24 __ 

25 . 

24.05 

1.87 

1.5 

22.65 

t 1.11 

21.10 

1.90 

6.9 

21.35 

1.17 

26..... 

23,20 

1.94 

12.0 

21.20 

1.18 


21.90 

2.05 j 

10.0 

23.70 

1.26 


i 20.55 

2.20 ! 

9.9 

23.70 

1.26 

29... 

24.50 

2.26 

3.2 

23.35 

1.29 


22.10 

2.26 

9.6 

23.05 

1.30 

31... 

21.90 

2.28 

6.3 

22.90 

131 

32... j 

21.65 

2.31 

5.8 

22.30 

134 

33.. 1 

21.50 

2.33 

19 

21.5 


34... 

23.85 

2.62 



Average.. .. 

22.40 

1.47 

19 

22.57 

.93 


^ No cracking. 


WMe the water treatment seems, in general, to have increased the 
incidence of cracking, especially when it also increased the rate of fruit 
enlargement, the severity of cracking was apparently influenced by 
conditions not taken into quantitative account, presumably bv vari¬ 
able internal characteristics of the fruits at the time of the experiment. 
The occurrence of cracking seems to be dependent not so much upon the 
rapid enlargement of the fruit as a whole as upon extra rapid enlarge¬ 
ment of a restricted region of the tissues. The following chance ob¬ 
servation made on Septe.mber 16, 1933, may bear on this suggestion 
In an apple with more than a third of its volume involved in a soft 
rot extendmg from the surface to the core and so advanced that the 
m^ased portion was reduced to a mass of soft pulp; severe cracking 
had taken place on the uninfected part. This cracking must have 
been entirely independent of enlai^ement of the fruit as a whole. 
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Leaf Injury and Defoliation 

In a large block of Stayman Winesap trees near Shenandoab Junc¬ 
tion, about 3 miles east of the Kearneysville orchard, which was used 
for most of this study, the crop of 1933 showed very little cracking 
(less than 0.5 percent), while 40 percent of the same year's crop at the 
Kearneysville orchard was cracked. The trees of these two orchards 
were of the same age (14 years), both orchards were on the same type 
of soil, and weather conditions must have been virtually the same"for 
both. The two orchards were noticeably different in that the Kearneys¬ 
ville trees had been partially defoliated or their foliage had been some¬ 
what injured by spray materials, whereas the foliage in the other 
orchard was unusually dense and healthy. More of the fruits at 
Kearneysville were partially russeted, probably due largely to spray 
injury, and more of them were sunburned or highly colored, due to 
greater exposure to sunlight. All of these conditions, i. e., russeting, 
sunburn, and high coloration appear to be associated with increased 
cracking. Similar relationships between foliage conditions and crack¬ 
ing were seen among individual trees and branches in the experimental 
block at Keai'neysville, where the highest percentages of cracking 
were associated with the highest percentages of leaf injury or with the 
sparsest foliage. 

Figure 4, A and 5, shows the general appearance of densely foliaged 
branches with little cracking as compared vdth sparsely foliaged 
branches with severe cracking. Data of a more quantitative nature 
bearing on this relation between foliage density and severity of crack¬ 
ing were secured by comparing three representative branches of about 
the same size but showing different degrees of cracking with respect to 
the total fresh weight of the leaves. One branch (A, at Shenandoah 
Junction) showed no cracking and the other two (nos. 2-22 and 4-93 
at Kearneysville) showed, respectively, slight and severe cracking. 
The apples on all three of these branches were virtually free of russet 
and other visible skin injuries. Table 2 presents these data. 


Table 2. —Comparative data on number and diameter of fruit and fresh weight of 
leaves as related to the occurrence of cracking in apples 


Branch no. 

Apples on 
branch 

Average 
diameter 
of apples 

Total fresh 
weight of 
leav^ ' 

Degree of 
cracking 

A . .—.-. 

Number 

m 

Inches 
2.75 : 

Grams 

1,710 1 

None. 

2-22 . . ..-. 

72 

2.25 

1,518 

Slight. 

4-9 . .—.. 

76 

2.75 


Severe. 






Attached Apples Enclosed in Brown-Paper Bags 

In the autumn of 1932 about 200 Stayman Winesap apples on tliree 
experimental trees were bagged and these were observed from time to 
time, observations being made, at the same times, on a similar number 
of comparable fruits, previously tagged, on these same trees. Cracking 
of the unbagged fruits severe enough to furnish a useful measure of 
the effects of bagging did not occur until the bagged apples had been 
enclosed for 3 to 4 weeks—time enough for pronounced morphological 
and physiological alterations to take place. Therefore the bagged 

17047—35-3 
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PmnBE 4, Part of a Stayman Winesap trea with dense totoge and Httte packing, ^r^Shenantoh Action; B. part of a Stayman Winesap tree with sparse foliage 
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apples probably differed markedly from the controls long before the 
latter showed much cracking. When about 30 to 50 percent of the 
controls had cracked, only about 2 to 6 percent of the protected apples 
had cracked. This is shown by records taken on October 20, presented 
in table 3. 

Table 3. —Cracking of bagged and unbagged Stay man Wmesap apples 


I 

Bagged apples j Unbagged apples 


Apples 

Days 
bagged , 

Cracked 

Apples ; 

j 

j Cracked 

Number 

Number \ 

Percent 

Number 

Percent 

110 

30 

6.4 

90 

54.4 

50 

27 

6.0 

50 

30,0 

50 

20 i 

2,0 

50 

i 

30.0 


By harvest time the enclosed apples had developed the solid yellow 
ground color characteristic of this variety at full maturity, but they 
were devoid of any trace of red overcolor. It is reasonable to suppose 
that protection for many weeks from the direct rays of the sun imght 
so influence either the osmotic values or the structural characteristics 
of the apple as to make it less inclined to crack. The effects may, 
therefore, have been due to prolonged shading, just as dense foliage 
seems to have reduced the tendency toward cracking. 

Oil-Emulsion Sprays 


In 1932 extensive tests were conducted with different concentra¬ 
tions, and with different times of application, of fish-oil and mineral- 
oil sprays, on the supposition that the oily films left on the fruits might 
retard or prevent absorption of water through the skin and so reduce 
cracldmg. No effects upon cracking were observed, however. When 
sprayed and unsprayed apples were subsequently tested under water it 
was found that the sprayed fruits although distinctly oily to the 
touch, absorbed water about as rapidly as did the untreated ones. 
ApparenUy the oil sprays used had failed to reduce the permeability 
of the skin to water. 


FRUITS REMOVED FROM THE TREE AND SUBMERGED IN WATER 

The evidence thus far presented leads to the conclusion that whetting 
of the soil by rain or irrigation was not a considerable influence in 
promoting cracking in the experimental orchard. The other possible 
influence of rain (i. e., the maintenance for a time of a more or less 
complete liquid water layer over the fruit and foliar surfaces) is not 
shown by figure 3 to have been influential in producing cracking; 
but when an attached branch bearing fruit and leaves was kept 
under water for 4 days this treatment was very effective in producing 
crackbag, especially in fruits in which the water treatment accelerated 
enlargement. The experiment with the submerged branch was sup¬ 
plemented by some additional experiments with apples removed 
from the tree and kept under-water. 
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After tlie cut end of the stem and the calyx opening had been sealed 
with paraffin each apple was weighed and all were placed in water, 
where they were held for 2 days. They were finally wiped and re¬ 
weighed, the weight gain of each was computed, and the degree of 
cracking shown % each was recorded as the total length of all its 
cracks. Data from this experiment with mature apples removed 
from the trees are shown in table 4. 

Table 4. —Weight increase and cracking in mature Stayman Winesap apples kept 
■under water for 2 days, Oct, 24 to 26, 1931 


[Apples are arranged in the ascending order of their weight gains] 


Apple no. « 

Gain in 
weight- 

i Total 
length of 
all cracks 

[ 

Apple no. 

j 

Original 

weight 

i 

Gain in 
■weight 

Total 
length of 
all cracks 

1 Grams 

1. 207 

Percent 

0 

.90 

1.03 

1.24 

1 1.26 1 

i 1.66 i 

1.75 i 
1.75 
2.02 ! 
2.27 ! 

1 

I Cenii- 
\ meters 

0) 

(0 

1 C) 

I 4.25 

1.00 
j 1.75 

1 2.25 

j 1.25 

1 1 

11 

i Grams 
255 
286 

t 244 

219 
166 
195 
246 
237 

Percent 

2.35 

2.45 

2.46 
2.74 
3.01 
3.08 
3.25 
3.38 

Centi- 
i meters 

3.75 

0) 

1 4.25 

14.75 
4.50 
! 4.25 

11.25 

(4 


12 

3.! 195 1 

13 

4.1 243 i 

14 

5. j 158 ! 

16 _ 

6.! 241 i 

16 ^ 

7. j 172 ! 

17 

s.1 172: 

18 

9. 198 

4 XI cr A 

10.! 220 

215 1 

2.32 

3.11 


XX V vl. dgU. « 


1 No cracking. 


These results are, in general, similar to those shown by the orchard 
test with growing apples still attached to the tree when the branch 
bearing them was kept under water for 4 days (table 1). The water 
treatment of detached apples resulted in much cracking, and most of 
the badly cracked fruit showed relatively large gains in weight. 

As in the orchard experiment on cracking of attached apples under 
water, it is clear that this 2-day water treatment of mature, detached 
fruits did produce cracking, that it was more apt to do so when the 
rate of enlargement was rapid than when it was slow, and that sever¬ 
ity of the cracking produced generally was greater for those fruits that 
enlarged more rapidly. Since the cut end of the stem and the open¬ 
ing of the calyx region w^ere sealed, it is evident that weight gain must 
have been due to water absorption through the skin. This observa¬ 
tion furnished additional evidence that such direct absorption is to be 
expected whenever the apple skin is kept externally wet for a sufficient 
tme. The apples that failed to crack also absorbed water, and one of 
these (no. 18) showed the most rapid absorption of all. 

EXPERIMENTS ON VASCULAR PRESSURE AND CONDUCTION 

^ A few experiments were performed with reference to possible rela¬ 
tions between the occurrence of cracking and conditions that might in¬ 
fluence the supply of water and other substances to the fruit. These 

are briefly described below. 


Vascular Sap Pressure in Attached Branches 

Mercury manometers were connected to small glass cylinders filled 
With, water and fastened over the cut surfaces where tip portions of 
attwhed branches had been removed. These manometers invariably 





















Aug. 1 , 1935 Study of Cracking in Stayman Winesap Apples 


211 


showed maintained pressure deficits in the attached branches. It was 
thus apparent that the hydrostatic pressure of the vascular sap 
orally was considerab lyTess~than thegas pressure o riheiunm^ ^ 
This was true "even when crackin^ol tEeTrmts was in progress^ 
but the pressure deficit was smaller in periods of low evaporation rates 
than at drier times. Degrees of suction amounting to from 143 mm 
of a mercury column to 400 mm were observed. The method used is 
of course inadequate to show maximal pressure deficits, and it seems 
safe to suppose that the deficits recorded were generally smaller than 
the actual current deficits in uninjured trees or even in the cut 
branches some distance back of the cut surfaces. We may, in any 
event, conclude that vascular hydrostatic pressure in a branch when 
apples were cracking generally was considerably less than the current 
barometer reading. 

These manometer experiments indicate clearly that there was no 
general vascular pressure excess in these trees, which might, as some 
writers seem to think, act to force water into the fruits at times of 
cracking. There was no evidence of positive excess pressure derived 
from the roots and transmitted throughout the tree, such as seems to 
have been postulated whenever the term “root pressure^’ has been 
employed in ,the elaboration of hypotheses concerning cracking of 
fruits and other phenomena connected with plant-water relations. 

Excessive Water Pressure Artificially Produced in Branches 

Some unsuccessful laboratory attempts were made to cause apples 
to crack by forcing water under excessive pressure into the cut basal 
ends of branches bearing fruit. The cut end of the branch, where the 
latter had been detached from the tree, was tightly sealed into the 
large opening of a tubulated filter flask containing water enough to 
cover the cut smiace to a height of about 5 cm, and a Schrader valve, 
such as is used in automobile tires, was securely fastened to the tubu- 
lature by means of a bit of rubber tubing and a wire hgature. Then 
a hand-operated compression air pump was connected to the valve 
and air was pumped into the flask to increase the gas pressure in its 
upper portion and so force water into the branch. Pressures of from 
5 to 10 pounds were employed. No cracking of the fruit resulted 
from this treatment, in which branch and fruit were exposed to the 
air of the laboratory. This experiment was not tried with branch and 
fruit surrounded by water-saturated air. 

Within a few minutes after pressure had been applied to the system, 
water dripped rapidly from surfaces where ends of lateral twigs had 
been cut off, and more slowly from cut midribs of leaves; b^ut no 
exudation appeared at surfaces where fruit stems had been cut. 
These tests lasted from 30 minutes to 3 hours. The results would be 
more significant if the artificially produced excessive vascular pressure 
had been applied for a longer time and if transpiration had been pre¬ 
vented, as by keeping leaf and fruit surfaces continuously wet. 

Dye Solutions Absorbed Through Cut Ends of Branches Still Attached 

TO Tree 

Aqueous dye solutions were fed into the cut ends of small branches 
from 1 to 2 cm in diameter, and dye penetration into nearby fruits 
was observed. Both acid fuchsin and methyl blue were used with 
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equally satisfactory results. The solution entered imder the influence 
of Auiscular-pressure deficit, no excess pressure being applied. The 
color contrast of either dye with the whitish flesh of the apple was 
quite striking, the dyed regions standing out clearly when the fruit 
was cut open. The d yes appeared in the regions of the va g^lar 
bimdles and to a greateiMn lesser extent in contiguous^eri steiM 
tissuesTTvIeffiyTTrue was detected uTvery small veinlets close under 
the skin. 

A striking feature of the penetration and accumulation of these 
dyes was their consistently greater concentration in regions subjacent 
to abnormal peripheral tissues, such as russeted areas, apple-scab 
lesions, and old cracks. Although sap movement through the vessels 
was probably somewhat more rapid and perhaps somewhat more ex¬ 
tensive than was indicated by dye accumulation in the cell walls, yet 
there is no reason to suspect that the dye ever moved more rapidly 
than the sap that carried it, and the final presence of more dye in one 
region than in another surely means that sap had moved into the 
more intensely stained parts more rapidly than to other parts that 
showed less dye accumulation. It therefore appears that sap flow 
to the modified or injured peripheral regions just mentioned was much 
more rapid than to uninjured peripheral tissues, and this apparently 
indicates, in turn, that transpiration was more intense from the in¬ 
jured tissues than from pther peripheral regions of the fruit. Baker 
{1) found that transpirational water loss through the corky tissue of 
russeted regions of apples was considerably greater than through nor¬ 
mal epidermis and cuticle. Since the tissues just beneath the coi'ky 
regions do not wither as long as the apples are on the tree, but remain 
turgid and healthy, this observation implies a more rapid movement 
of water into those regions. 

From what has just been said it may be concluded that, except 
when transpiration is almost stopped, russeted, cracked, or otherwise 
locally injured peripheral tissues of the apple fruit transmit water 
from vessels to periphery more rapidly than do uninjured tissues, 
whose resistance to transpirational water loss is apparently greater: 
i. e., for the cells of the injured tissue both entrance of water and 
water loss generally are more rapid than for the cells of corresponding 
uninjured tissue. Many students have presented evidence in support 
of the general observation that larger bundles and more vessels de¬ 
velop in regions adjacent to rapidly transpiring surfaces than in other 
regions; in some unknown manner it appears that exceptionally rapid 
flow of sap through a developing bundle causes the formation of more 
vessels, or of more eflGieient ones, than would have been formed had 
the rate of sap flow been much slower. On the basis of this proposi¬ 
tion it may be supposed that vascular resistance to sap movement is 
apt to be exceptionally low in those bimdles that lead to the injured 
regions of the apple. If such is the case, vascular sa p m ay be sup¬ 
posed to reac h t ho se regions wi th somewhat le ss hyd rostatic pressure 
deficit^ th^ prevails m^^ especially m times of very slow 

or hegligiMe foUar transpiration, when vascular-pressure deficit must 
be exceptionally low t^oughout the whole tree. In periods of rapid 
transpiration the suction (or even liquid traction) arising therefrom 
should act to retard cel absorption everywhere. These considerations 
pC logical possibilities may be assembled to furnish a hypothesis that 
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may explain, at least in part, why injured portions of apple periphery 
proved to be more susceptible to cracking than other portions, and 
why outbreaks of cracking and the occurrence of the most severe 
cracking were confined to periods when the general transpiration rate 
was unusually low. 

INTERNAL CONDITIONS OF FRUIT IN RELATION TO CRACKING 

General Relations Between External and Internal Influences 

As has been pointed out, cracking of the fruit is of much more 
common occurrence in some apple varieties than in others. When 
cracking is prevalent in an orchard some trees usually are affected 
much m ore than others an d some branches often are affected mo re 
thah "biEers on the same tre e' Even on those fruiting branches 
exhibiting the most severe cra~ckmg when external conditions tend to 
promote this injury, some apples usually fail to crack. In the present 
study some apples were always found to be uninjured at harvest time, 
even on trees th at exhibited high percentagea mf cracking. 

It is therefore evident that cracking ofjndividiialJ^its must be 
determined not alone by the_ oc currence of favorable w enther condi¬ 
tions butarso~^bT''soh ie internal conditions effective within the fruit 
at t imes wEen the w eatEiHsf^^^^ to cracking^ ^TEe phenomMPh 
of 'cracEng is to be" considered as the result" oT^bme combination or 
concatenation of circumstances, some of which may be traced almost 
directly to environmental fluctuations, while others appear to result 
from antecedent physiological processes of nutrition, growth, and 
development within the apple tree or within the fruit itself. In 
apples the formation of a crack shows that the fruit tissues involved, 
and perhaps other tissues also, were, when cracking occurred, un¬ 
usually susceptible to the current cracking influence of the environ¬ 
mental complex, and it shows just as clearly that the conditions of the 
environment were such as to permit or facilitate crack formation in 
tissues exhibiting this particular kind and degree of susceptibility. 
Consequently the problem of the causation of cracking cannot be 
considered satisfactorily in terms of environmental conditions alone 
or in terms of internal conditions alone; both external and internal 
influences need to be taken into account. 

The preceding sections of this paper deal mainly with cracking as it 
appeared to be related to environmental conditions, although atten¬ 
tion is given to some internal conditions: e. g., vascular sap pressure 
and injured or modified regions of the fruit periphery. The present 
section deals with some observations on additional internal conditions: 
viz, abnormalities of peripheral tissues and the freezing-point 
depression of cortical tissues. 

Abnormalities of Peripheral Tissues 

As has been noted, cracking is less likely to occur on sound apples 
than on those with some abnormality of the peripheral tissues. 
Cracks are found much more often on portions of the fruit periphery 
that are marked by russeting, by scab lesions, or by sunburn than on 
other portions of^^the fruit. This point is illustrated by figure 1. 
Both in 1932 and 1933 the lesions that appeared earliest in any out¬ 
break of cracking were predominantly on these modified parts of the 
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fruit surfaces. In 1933, 88 percent of the cracks formed on the fruits 
of one tree were directly associated with russeted skin, sunburn, or 
scab spots. The remaining 12 percent were in fruit surfaces that 
appeared otherwise to be perfectly healthy and unmodified. Cracks 
on otherwise sound fruits most often were on the cheek that was most 
exposed to sunlight. It should be emphasized, however, that cracking 
in apparently normal, uninjured peripheral regions has shown the 
same relationships to environmental fluctuations as was shown by 
cracking in the regions of modified periphery. Cracking in abnormal 
regions of the fruits as observed in these experiments is not to be 
regarded as a special form of the injury dependent on the abnormali¬ 
ties themselves, that is, the abnormalities merely render affected 
portions of fruits more susceptible to the injury than normal portions 
when environmental influences tend to promote cracking in both. 

Fbeezing-Point Depression of Fruit Tissues 

The observation that cracking was much more apt to occur on the 
most exposed side of an apple, especially when the skin and adjacent 
tissues on that side were modified by high coloration, sunburn, or 
russeting, leads to the suggestion that the tu rgor pressure in the 
tissues underlying the modified or injured portion'mTEe periplm 
might be_greater than that of coTresponding ^tissues underlying 
uhmodified^^ ^ipSSaTreg^^ sam e fruiC'TSrooks and Fisher 

X^y^oundTfhat on very^hot summer days the sunny side of an apple 
had a temperature from 10° to 16° F. higher than the shaded side. 
Juice expressed from the most exposed quarter of the fruit generally 
showed greater freezing-point depression than juice similarly expressed 
from the opposite quarter, and this difference was greater as the 
exposure of the first quarter was more pronounced. This was taken 
to indicate higher osmotic concentration in the cell sap of the tissues 
on the exposed side, which might be due, for example, to the higher 
temperature or to the more intense insolation on that side during 
periods of sunshine. 

^ In a later paper (4) the same authors reported that exceptionally 
high osmotic values were indicated for tissue from the sunburned side, 
when one side was so injured; also that there seemed to be positive 
correlation between evaporation from a Livingston standardized 
white-sphere atmometer and the osmotic value of juice from apples 
in different parts of the tree, both being greatest in the position of 
greatest exposure to sunshine. ' A similar effect of seasonal conditions 
on the crop as a whole is suggested by CaldwelFs (6) analyses of apple 
juice, which show, for many varieties, on unusually high sugar content 
in seasons with temperature and sunshine considerably above normal. 

By means of the tissue-cup freezing-point method {B8) many 
comparisons were made between sample cups from different regions 
of the same apple, especially between tissue samples from regions 
underlying unmodified skin areas and other tissue samples from re¬ 
gions underlying areas of high coloration, sunburn, or russeting. In 
sojnc instances the more susceptible region of the apple tested had 
already cracked; that is, tissue underlying one or more newly devel¬ 
oped cracks was compared, with reference to freezing-point depression, 
^th feue underlying an intact area of the same apple. After making 
the iisuri correction necessitated by supercooling, each freezing-point 
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depression was translated into terms of osmotic concentration in 
atjnospheres by reference to the published table of Harris and 
Gortner {15). It should be emphasized that this index refers to the 
sample cup of tissue as a whole, not to its cell sap alone. It represents 
the capacity of the tested tissue to retain water against the influence 
of drying agencies, and it embraces not only the resilient pressure of 
stretched cell walls (which tends to squeeze water out of the cells), 
but also the osmotic value of the cell sap and of the liquid held in the 
walls themselves, as well as the imbibitional values of cell colloids 
and cell walls (which together act to retard water loss). 

Kesults derived from 52 different apples of the Stayman Winesap 
variety, picked from eight different trees, are presented in table 5. 
Two values are shown for each apple, derived, respectively, from two 
tissue-cup samples taken from opposite sides of the fruit axis, with the 
longitudinal dimension of each cup parallel to the latter. The tissue 
of each cup was thus derived from a region opposite the middle portion 
of the apple core and about half-way between the core and the cheek 
periphery on that side. One of each pair of cup samples was taken 
from beneath a cheek area that showed modification of some sort, 
while the other sample was taken from beneath unmodified cheek 
periphery. Five kinds of visible modification or injury of peripheral 
tissue were recognized: (1) highly colored skin, uncracked; (2) sun¬ 
burned skin, uncracked; (3) russeted periphery, recently cracked; (4) 
russeted periphery, xmcracked; and (5) recently cracked periphery 
otherwise apparently unmodified. 

It is seen at once that the tissue samples derived from beneath 
modified or cracked areas of the fruit per iphery show^ed signific antly 
higher osmotic value s, in almost eveyjr'test, tha5rwere”sho^^ 
sSniptes^erived from beneath unmodified areas. Since highly colored, 
sunburned, or russeted areas of the fruit surface have been found to 
be exceptionally prone to crack, this remarkable osmotic relation 
lends defi nite support to the suppositio n t hat cracking may r esdt 
fromexcess ^e“"ema^^ or e ^e^ive tis^e Id resiure in^^I^^ 
subpenpEerS regies of the fruit .corti^; for, other conditions being 
the^saine, regionsol exceptionally high osmotic value should absorb 
water, and therefore enlarge, more rapidly than neighboring regions 
of lower osmotic value. The data of table 5 therefore indicate a 
reason why cracking is most likely to occur over regions of the cortex 
that are superficially rnarked by high coloration, sunburn, or russeting. 
The averages for the several sections of table 5 lead to the same 
conclusions as are reached from more detailed study. For every 
group of comparisons the average for the unmodified is smaller than 
for the modified areas. 
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Pronounced localization of Mgh tissue pressure is clearly indicated, 
and it seems likely that differences within the same apple might be 
found to be even greater than those shown in table 5 if it were possible 
to employ smaller tissue samples in freezing-point determinations of 
this land. An attempt was made to chart the pressure variations 
somewhat more in detail through the use of 5 tissue cups from each 
apple instead of 2, the positions for sampling being symmetrically 
arranged around the fruit axis. The results of these more elaborate 
tests were in excellent agreement with those set forth in table 5. A 
representative set of data from five samples is shown in figure 5. The 
small circles represent the positions of the tissue cups studied, and 
the numerical values within these circles are osmotic values like 
those given in table 5. Apparently there was a tissue-pressure gradient 
in the subperipheral cortext of the fruit, between a high pressure 
underneath the more exposed peripheral area and a much lower 
pressure in the corresponding region on the opposite side of the 
fruit axis. 

When the several local osmotic pressures found by employing 4 or 
5 tissue samples from the same apple were averaged, to give an 



or from pulp or juice obtained by grinding or pressing the entire fruit. 

There was apparently no relation between a tendency to crack and 
the absolute tissue pressure of the subperipheral cortex; cracking 
might be associated with a local tissue pressure of only 15 atmospheres 
in one apple, while a local pressure of 20 atmospheres or more might 
be found m another apple that was still sound. It seems that craclmg 
must be related, in general, not to the local subperipheral pressure 
itself but to the magnitude and distribution of the pressure gradient 
just mentioned. In short, one of the main internal conditions leading 
to crack formation appears to be the occurr ence of an excessive tissue 
pressninin-a restricted area of the fruit cortex , accompanied by much 
lower pressufes^'hSTghbormg regions^ 

SUMMARY AND CONCLUSIONS 

This paper deals with cracking of the peripheral tissues of Stayman 
Winesap apples, which is considered in relation to current environ¬ 
mental and internal conditions. The discussions and views presented 
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axe based on (1) observational studies carried out on cracking under 
natural conditions in an experimental orchard at Kearneysville, 
W. Va,j (2) orchard experiments in which some environmental condi¬ 
tions were artificially modified, and (3) special laboratory studies. 

Sudden, great increase in soil-moisture content has been suggested 
by some writers as a probable major factor contributing to cracking 
of fruits in general, but the observations and experiments recorded 
hi the present paper fail to furnish any evidence in support of this 
hypothesis. Pronounced fluctuations in soil-moisture content, greater 
and more rapid than are ordinarily met with in orchards, showed no 
relationship to either the occurrence or the severity of cracking.^ 

Under natural orchard conditions the occurrence of cracking was 
always found to be associated with very low rates of evaporation. 
Rainfall was naturally confined to periods so characterized, but 
cracking was clearly correlated with the slow evaporation rather than 
with the rainfall. Thus, extensive cracking occurred in several 
instances of prolonged slow evaporation rates when there had been no 
rainfall for from 36 hours to 6 days; and in other instances no cracking 
was observed after heavy rains when the accompanying low evapora¬ 
tion rates were of short duration. An outbreak of cracking was 
generally preceded by a period of 6 hours or more during which a 
standardized black porous porcelain atmometer sphere with auto¬ 
matic recorder showed no measurable water loss and the water- 
saturation deficit of the air was very low. This correlation may be 
taken to indicate that outbreaks of cracking were generally brought 
about by greatly depressed transpiration, maintained for 6 hours or 
more. During a period of very slow transpiration the water supply 
available to the fruits should be very abundant, permitting unusually 
rapid enlargement of fruit cortex if other conditions are favorable for 
tissue swelling. If, at the same time, rain waterds being absorbed 
appreciably through the peripheries of fruits and leaves, swelling 
of the fruit cortex should be still further increased. 

Mercury manometers connected to attached branches where the 
branch tips had been cut off showed vascular suction at all times, 
even while nearby fruits were in process of cracking. No evidence 
was found to favor the supposition that excessive vascular pressure 
(cominonly referred to as ^^root pressure’0 was generally present 
throughout these apple trees at any time; atmospheric pressure 
apparently always exceeded the hydrostatic pressure within the 
vessels of the branches. Attempts to produce cracking artificially 
by forcing water, under 5 to 10 pounds of excessive pressure per 
square inch, into the cut ends of detached branches bearing fruit 
failed when branch and fruit were exposed to the air of the laboratory 
and the treatment was continued for 3 hours or less. 

Since change in soil-moisture content did not noticeably influence 
cracking in tMs study it appears that precipitation was not mfluential 
through wetting of the soil. Rainfall may be influential in other 
ways, however, for when fruit and leaf surfaces are more or less 
thoroughly covered with water during periods of rain, considerable 
water absorption may occur through those surfaces, while transpira¬ 
tion is correspondingly retarded or prevented. When rain was 
artificially diverted from large branches some of the apples on those 
bmnches cracked, although they and the accompanying leaves were 
thus kept superficiaEy dry, winch seems to indicate that the presence 
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of a film of water on foliage or fruit, or both, was not a necessary 
condition to promote cracking. On the other hand, when a fruit¬ 
bearing branch, still attached to the tree, was kept under water for 
several days the submerged apples showe d severe cracking : and 
cracking was" fls^^ induced" whenTl^etached a pple s, with 

stems and calyxes ^led, were'^epT^under water fdFseveml day s, 
s ug:gestingijhat"long“ContiDued w ett^ oflrult and foIiansuiSc^ by 
r ain might aggravate tSeTendency to crack when other condTEiQns 
tend to promote "this injury. There is" no doubt that the apples of 
this study were able to absorb water at a considerable rate when their 
skins were kept superficially wet. Enclosing attached apples in 
paper bags to prevent wetting of the skins by rain greatly reduced 
.cracking in the apples so treated after the bags had been in place for 
3 or 4 weeks; in that time, however, the internal conditions of the 
bagged apples may have changed greatly. 

The occurrence and severity of cracking were not shown to be 
related in any way to air-temperature fluctuation. 

Not all the apples on a branch or tree cracked when the weather 
conditions were favorable to cracking, and it is evident that some 
fruits were, at any time, more susceptible to cracking than others. 
A period of little or no evaporation apparently induced cracking of the 
currently most susceptible fruits only. With the recurrence of low 
evaporation rates additional fruits cracked, suggesting that this 
susceptibility of individual apples was likely to increase throughout 
the season. So.me fruits cracked early in the season while others still 
remained sound at harvest time. A study of certain internal condi¬ 
tions that may have influenced predisposition to crack led to several 
apparently significant observations, as follows: 

In a great majority of observed cases of cracking the injury was 
initiated in a region characterized by some form of visible abnormality 
or modification of the peripheral tissues of the fruit: viz, russeting, 
scab lesions, sunscald, or unusually high coloration. Such modifica¬ 
tions usually were found on the side of the fruit that had experienced 
the greatest exposure to sun, wind, and spray injury. In russeted 
areas many minute cracks appeared to have been progressively formed 
and then closed by cork tissues, leaving the fruit periphery more or 
less roughened and mechanically weak in such regions. 

Apparently the iimimdia te mechanical cause of cracking is a for m 
of tissue str ain by^vhich the skin and~the adJacenFTissues in a 
restricted area of the apple are excessively stretched because of 
enlargement in deeper lying tissues beneath the sa.me area. With 
weather conditions suitable for crack for.mation, it seems that rup¬ 
ture occurs in the most susceptible peripheral areas, where the sub- 
neripheral pj^essu re exceeds the limit of extensibi^y oT^th A^ olit er 
tissues. ^ Thus the formation ofa crackT^Seraunedr^^^^^ by the 
mechanical strengt h of the peripheral tissue and partly by the 
magnitude of the pressure exerted by the enlarging tissue beneath. 

It was observed that, among trees and branches otherwise appar¬ 
ently comparable, c racking^ was more pronounced and extensiv e 
whent he foliage was sparse than when it was dens eT^This "deference 
may “have been related to the greater incidehce~bF sunscald, russeting, 
and intense coloration in the fruits of trees and branches vfith poor 
foliage. 
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When attached apples were kept under water, cracking generally 
occurred first and most severely in those individuals that showed the 
most rapid rates of enlargement, which suggests that rapid enlarge¬ 
ment of the entire fruit may tend to produce cracking when other 
conditions are suitable. But somg^ slow ly enlarging' f ruits cracked 
whih so me rapidl y enlarg ing ones"remained sound, and it seems that 
the^excessive tissue swelhngTEaTreiiK m a crack was sometimes 
effective only beneath the immediate peripheral region where rupture 
was about to occur. 

Freezing-point measurements of osmotic values within the apple 
tissues showed, almost without exception, that tissue samples from 
regions beneath modified areas of the fruit periphery had significantly 
liiglier pressures than had similar samples from unmodified areas. 
For example, an apple with a russeted area on one side showed a high 
osmotic value beneath that area and a much lower osmotic value 
beneath the corresponding area on the opposite side of the fruit, with 
a gradient between these two regions. It therefore appears that the 
russeted or othervdse modified region was characterized not only by 
me chanical weakne ss of the periphery but also by exception^lyjtugh 
tissue "pre ssure m the deeper lying cortex. Both of these character¬ 
istics wo lilBTbe expected to favor cracking. 

When aqueous dye solutions were fed into the cut ends of attached 
branches bearing fruit, the solutions were absorbed into the branches 
and carried into nearby apples, where the dyes became most concen¬ 
trated in those parts of the peripheral regions characterized by rus- 
seting, scab lesions, or previously formed and more or less suberized 
cracks. Movement of vascular sap into the tissue beneath these 
iiiodified regions and the passage of water out of them by transpira¬ 
tion were more rapid than elsewhere. With a low evaporation rate 
and consequent slow transpiratio n, it appears thatTtKe cortS beneath 
modifieSr^flp’hery may receive water more freely than other parts 
of the same fruit. This may promote excessive swelling beneath the 
modified areas. 

LITERATURE CITED 

(1) Bakeb, C. E. 

1931. A STUDY OP SKIIN STRUCTURE OP THE GRIMES APPLE AS AFFECTED 
BY DIFFERENT TYPES OF INJURY. Amer. Soc. Hort. Sci. Proc. 
(1930) 27: 75-81, iUus. 

(2) Boussingault, J. 

1873. SUR LA RUPTUaaB DB la PELLICULE DBS fruits EXPOSES A UNE PLUIE 
CONTINUE. ENDOSMOSE DBS FEUILLES ET DBS RACINES. Ann. 

Chim. et Phys. (4) 29: 360-367. [Abstract in Just’s Bot. 
Jahresber. 1:253. 1873.] 

(3) Brooks, G., and Fisher, D. F. 

1926. SOME HIGH-TEMPERATURE EFFECTS IN APPLES: CONTRASTS IN THE 
TWO SIDES OP AN APPLE. JoiiF. Agr. Research 32: 1-16, illus. 

(4) - and Fisher, D. F. 

1926. WATER-CORE OF APPLES. JouT. Agr. Research 32: 223-260, illus. 

(5) Burke, R. T. A., and McCall, H. F. 

1919. SOIL SURVEY OP WASHINGTON COUNTY, MARYLAND. U. S. Dept. 
Agr., Bur. Soils Adv. Sheets Field Oper. 1917, 46 pp., illus. 

(6) Caldwell, J. S. ' 

1928. chemical composition of apple juices as affected by CLIMATIC 
CONDITIONS. Jour. AgT. Research 36: 289-365, illus. 

(7) Campbell, J. 

1928. CRACKING OF DUNNES AND cox^s ORANGE APPLES. New Zeal. Jour. 
Agr, 37: 85-86. 




Aug. 1, 1035 Study of Cracking in Stayman Wmesap Apples 221 


(8) Chandlek, W. H. 

1925. FRUIT GROWING. 770 pp., iUus. Boston, New York [etc.] 

(9) CoiT,J. E. 

1917. CITRUS FRUITS, AN ACCOUNT OP THE CITRUS FRUIT INDUSTRY, WITH 

SPECIAL REFERENCE TO CALIFORNIA REQUIREMENTS AND PRAC~ 
TICES AND SIMILAR CONDITIONS. 520 pp., illus. New York. 

(10) Devaux, H. 

1900. RECHERCHES SUR LES LENTICELLES,' ETUDE SUB LES CONDITIONS 
PHYSIOLOGIQUES DE L’ACCROISSEMENT ET DE LA DIFFERENCIA- 
TION DE LA CELLULE ET DES TISSUS. Aim. Sci. Nat., Bot. (8) 

12: 1-240, illus. 

(11) Fawcett, H. S., and Lee, H. A. 

1926. CITRUS DISEASES AND THEIR CONTROL . . . 582 pp., illus. NeW 

York. 

(12) Gardner, V. R., Bradford, F. C., and Hooker, FI. D. 

1922. THE FUNDAMENTALS OF FRUIT PRODUCTION. 686 pp., illuS. NeW 
York. 

(13) Goodwin, B. C. 

1929. BLISTER DISEASE OR CRACKING OF APPLES: SUCCESSFUL REMEDIAL 
MEASURES IN NELSON DISTRICT. New Zeal. Jour. Agr. 39: 
305-307. 

(14) Graebner, P. 

1920. lehrbuch der nichtparasitaren pflanzenkrankheiten. 333 
pp., illus. Berlin. 

(15) Harris, J. A., and Gortner, R. A. 

1914. NOTES ON THE CALCULATION OF THE OSMOTIC PRESSURE OF EX¬ 

PRESSED VEGETABLE'saps FROM THE DEPRESSION OF THE FREEZ¬ 
ING POINT, WITH A TABLE FOR THE VALUES OF P FOR A = 0.001° 

TO A=2.099°. Amer. Jour. Bot. 1: 75-78. 

(16) Hartman, H., and Bullis, D. E. 

1929. INVESTIGATIONS RELATING TO THE HANDLING OP SWEET CHERRIES 
WITH SPECIAL REFERENCE TO CHEMICAL AND PHYSIOLOGICAL 
ACTIVITIES DURING RIPENING. Oreg. Agi. Expt. Sta. BllE. 247, 
38 pp., illus. 

(17) Heald, F. D. 

1933. MANUAL OF PLANT DISEASES. Ed. 2, 953 pp., illus. New York 
and London. 

(18) Livingston, B. E. 

1911. A RADIO-ATMOMETEB FOR COMPARING LIGHT INTENSITIES. Plant 
World 14: 96-99. 

(19) - 

1915. ATMOMETRY AND THE POROUS CUP ATMOMETER. Plant World 18: 

21-30, 51-74, 95-111, 143-149, Hlus. 

(20) Rixford, G. P. 

1918. SMYRNA FIG CULTURE. U. S. Dept. Agr. Bull. 732, 43 pp., illus. 

(21) Sawada, E. 

1931. STUDIES ON THE CRACKING OF CHERRIES. Agr. and Hort. 6: 
865-892. [In Japanese, with English summary.] 

(22) ScHILBERSZKY, K. 

1918. HIPERTROFOS PARASZEMOLESOK ALMAGYUMOLOSOKON. (HYPER- 
TROPHE LENTIZELLEN AUF APPELFRUCHTEN). Bot. Kozlemenyek 

17: 93. [Reviewed by Matouschek in Ztschr. Pflanzenfcrank. 
29; 249. 1919.] 

(23) SORAUEE, P. 

1922. MANUAL OF PLANT DISEASES. Transl. by F. Dorrance. Ed. 
3, V. 1, illus. [Wilkes-Barre, Pa.] 

(24) Swingle, C. F. 

1929. A PHYSIOLOGICAL STUDY OP ROOTING AND CALLUSING IN APPLE AND 
WILLOW. Jour. Agr. Research 39: 81-128, illus. 

(25) Tracy, W. W. 

1907. TOMATO culture; a practical treatise on the tomato, its 
HISTORY, characteristics, PLANTING, FERTILIZATION, CULTIVA¬ 
TION IN FIELD, GARDEN, AND GREENHOUSE, HARVESTING, PACK¬ 
ING, STORING, MARKETING, INSECT ENEMIES AND DISEASES, WITH 
METHODS OP CONTROL AND REMEDIES, ETC., ETC. 150 pp., iliuS, 

New York. 



222 


Journal of Agricultural Research 


Vol. 51, no. 3 


(26) Veihmeybe, F. J. 

1927. SOME FACTORS AFFECTING THE IRRIGATION REQUIREMENTS OF 
DECIDUOUS ORCHARDS. Hilgardia 2: [1251-290, illus. 


1929. AN IMPROVED soiL-SAMPLiNG TUBE. Soil Sci. 27: 147-152. 

(28) Verner, L. 

1934. A SIMPLIFIED METHOD OF DETERMINING FREEZING-POINT DEPRES¬ 
SIONS OF APPLE TISSUE WITH THE BECKMANN APPARATUS. 

Amer. Soc. Hort. Sci. Proc. 31: 33-34. 

(29) -and Blodgett, E. C. 

1931. PHYSIOLOGICAL STUDIES OF THE CRACKING OP SWEET CHERRIES. 

Idaho Agr. Expt. Sta. Bull. 184, 15 pp., illus. 



POTATO BEETLE SEPTICEMIA' 

By G. F. White 

Formerly senior pathologist j Division of Insect Pathology, Bureau of Entomology, 
United States Department of Agriculture 

INTRODUCTION 

The Colorado potato beetle, Leptinotarsa decemlineata (Say), widely 
known as a pest of potato, also feeds on tomato, tobacco,"eggplant, 
pepper, belladonna, henbane, and other solanaceoiis plants. It is, 
therefore, a pest of major importance. In an earlier note the writer ‘ 
reported the existence of a bacterial disease of this insect. The 
present paper describes the disease and incorporates observations 
made on it from 1921 to 1929. 

NAME OF THE DISEASE AND THE PATHOGENIC BACILLUS 
ASSOCIATED WITH IT 

The potato beetle disease and the disease produced experi.mentally 
in insects inoculated by puncture with material from larvae sick or 
dead of the disorder are characterized by a marked septicemia. 
This suggested the name “potato beetle septicemia.” The names 
“hornworm septicemia”^ and “cutworm septicemia”^ were coined 
earlier for si.milar diseases of hornworms and cutworms, respectively. 
A similar disease of grasshoppers, first described by D’Herelle has 
received much attention. 

The pathogen associated with the grasshopper disease is Bacillus 
(coccobacillus) acridiorum D^Herelle, the one associated with the horn- 
worm disease is B, sphingidis White, and the one associated with the 
cutworm disorder is B, noctuarum White. In line with this method 
of choosing specific names for these organisms, the name B, leptiiio- 
tarsae was given by the writer ® to the pathogenic species associated 
with potato beetle septicemia. All these species are closely lelated 
and are members of a large group of organisms affecting insects 
which may be termed the “septicemia” group. 

SYMPTOMS 

Larvae affected b^” potato beetle septicemia are at first sluggish 
but soon become motionless. Their appetite is impaired, and they 
soon cease to feed. Usually they fall to the ground when moribund or 
dead, although dead ones are occasionally found adhering to the food 
plant (fig. 1, ..4). The appearance of sick larvae and of those recently 
dead is very similar to that of healthy ones. Soon after death the 
reddish tint of healthy larvae changes to a brownish gray. The 

i Received for publication Apr. 23, 1935; issued September. 193", 

? White, G. F. potato beetle septicema, with the proposal op a new sfecies of BACTERirM. Ent. 
Soc. Wash. Proc. 30: 71-72. 192S. 
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Figure l.—Potato beetle septicemia; -.4, Larva sic^ of potato beetle septicemia, natural infection; B, larvae 
sick or dead of potato beetle septicemia, inoculated experimentally, Cand D, larvae dead of potato beetle 
septimnia, natural infection. B and F, larvae and adult, respectively, dead of potato beetle septicemia, 
inoculated experimentally: <?, catalpa sphinx larva inoculated with Badlltis le^inotarsae; H, hornworm 
incttilated with B, I, silkworm inoculated with B. kptinotaiMe; J, cutw'orm inoculated 

with B. kjimGlarme. 
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black markings remain unchanged. As decay advances the color 
deepens, becoming a dark gray, dark brown, or nearly black. 

The dead larvae retain for a while the surface contour of healthv 
ones; but as drying takes place, the surface of the body becomes 
roughened, and within a week the remains are a shriveled, dark, 
brittle mass (fig. 1, 0, D). During most of the period of decay the 
resistance of the body wall to tearing is similar to that of healthv 
larvae. The decaying mass is nonviscid. Usually the odor is slight 
and not particularly disagreeable. 

TECHNIC 

^ The laboratory methods used in these studies were in general 
similar to those commonly employed in disease work. Good results 
were obtained from the incubation of cultures at room temperature 
or at approximately 30° C. In addition to the usual laboratory 
animals, larvae and adults of the potato beetle, silkworms (Bombijx 
mori L.), hornworms {Phlegethontius qidnquemacvlata Haw. and P. 
sexta Joh.), various species of cutworms and white grubs, and cater¬ 
pillars of the catalpa sphinx {Ceratomia catalpae Bdv.) were used for 
experimental purposes. The puncture and feeding methods employed 
in earlier studies ' were followed. When a fine needle was used and 
care was exercised to limit the injury caused to the body wall, death 
resulted only occasionally from trauma inflicted by puncture inocu¬ 
lations. 

Potato plants growing in pots served well as food for the larvae 
and adult potato beetles after they had been inoculated. Following 
puncture inoculations the insects were placed immediately on the 
potted plants. In the feeding inoculations the plants were sprayed 
with an aqueous suspension of disease material or with cultures, and 
the insects to be inoculated were placed on them while the plants 
were still wet. In inoculations by im.mex'sion the insects were im¬ 
mersed in a beaker containing the culture and afterward placed on a 
growing potato plant. 

A cardboard or other suitable paper was fitted about the base of 
the plant for collecting dead or sick insects as they fell from the plant 
or otherwise left it. The mature, unaffected larvae leaving the plant 
may escape and, reaching the soil within the pot, burrow into it for 
pupation. Moribund larvae and even dead ones occasionally are 
found adhering to the plant (fig. 1, B), as was observed in potato 
beetle septicemia encountered in nature. 

POST-MORTEM CHANGES IN EXPERIMENTAL INSECTS 

The changes occurring in the bodies of insects that die from 
experimental infection with cultures of Bacillus leptinotarsae vary 
somewhat with the different insect species used, and slightly with 
the different cultures employed in the inoculations. Temperature 
and moisture tend to modify the speed of the changes that occur and 
to some extent their character. Potato beetle larvae (fig. 1, E) that 
died from experimental inoculation show^ed post-morteni changes 
similar to those observed in larvae that died of the disease in nature. 


7 White, G. F.^See footnote 3. 
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Silkworms (fig. 1 , /) in tlie fifth instar inoculated with disease 
material of infected insects or with pure cultures of Bacillus^ leptino- 
tarsae die within 24 hours when the temperature of the room is 30° C. 
or higher. Soon after death the remains turn a light brown, which is 
preceded at times by a slightly greenish hue. At first the color 
changes are not uniform over the entire body but by the end of 24 
hours they become so. The hue is then brown which gradually 
darkens iintfi it becomes almost black. The body wall soon yields 
easily to tearing, and the contents become a moist, thick, brown 
mass. When allowed to dry the remains become brittle by the end 
of a week. The odor from the bodies is not particularly offensive 
when they are left in the open, but becomes so when they are confined. 

The post-mortem changes in hornworm larvae (fig. 1, H) that have 
died from experimental infection with Bacillus leptinofarsae are 
similar to those noted for silkworms. 

The bodies of catalpa sphinx larvae (fig. 1, G) that have died from 
experimental inoculation with the bacillus soon turn brown. During 
the first day of post-mortem changes the body wall will usually sup¬ 
port the 'weight of the dead larva, but later it becomes less resistant. 

The bodies of cutworms (fig. 1, J) dead from experimental infection 
become a deep brown wdtliin 2 days. The body wall is then easily 
torn, and the decaying tissues are a moist, thick, brown mass which 
is brittle after it becomes dry. 

White grubs that have died from puncture inoculations may first 
present a mottled appearance, but later they become a brown which 
may appear almost black 

OCCURRENCE OF POTATO BEETLE SEPTICEMIA 

A disease of the septicemia group may be suspected when cultures 
made from insects dying in nature yield a hnxuriant growth of numer¬ 
ous colonies of a small actively motile bacillus. Such a disease is 
further indicated when silkwnrms or other experimental insects 
inoculated by puncture vith the bacillus die witW 1, 2, or 3 days 
and death is accompanied by a septicemia and followed by post¬ 
mortem changes characterized by a dark-brown color and softening 
of the remains. 

On June 10, 1921, Doris H. Blake, of the Bureau of Entomology, 
wliile engaged in biological studies on the potato beetle, found larvae 
in WasMngton, D. C., that w^ere dead from a cause unknowm to her. 
Tvro silkworms inoculated by puncture with an aqueous suspension 
of one of these larvae died within 24 hours. Five silkworms inocu¬ 
lated with the blood from the twm dead silkworms died also. The 
blood of these recently dead worms contained many short motile 
rods. ^ Agar plates made from the bodies yielded numerous gray 
colonies of an actively motUe bacillus. The bodies became soft and 
turned browm. The presence of a disease of the septicemia group 
was therefore indicated. 

On August 29, 1921, W. H. White, also of the Bureau of Ento¬ 
mology, collected sick potato beetle larvae from potato plants at 
Arlington, Va. A short, actively motile bacillus that produced a 
gray growth was isolated from each of the larvae that w^ere cultured. 
T'wo healthy potato beetle larvae were inoculated with cultures from 
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each sick larva. All the inoculated larvae died witliiii 2 da3'’s. The 
indications^ therefore, were that this disease also belonged to the 
septicemia group. 

On August 15, 1922, the writer collected about 50 potato beetle 
larvae, some sick and others recently dead, from potato plants 
grown on the plot in Washington where Blake had found diseased 
larvae the year before. Some of the larvae were adhering to the 
food plants, although most of them were on the surface of the ground 
about the plants. Twelve of these were cultured, and each yielded 
gray colonies of an actively motile bacillus. A culture was made 
from a gray colony from each of the 12 plates. Inoculation of silk¬ 
worms with these cultures sliowed 11 to be pathogenic, indicating a 
disease of the septicemia group. It seemed important that the cul¬ 
ture from one gray colony was not pathogenic. 

On August 20, 1923, a search was made for potato beetle larvae 
on the potato plants of the plot in Washington where, during each 
of the 2 preceding years, diseased larvae had been collected. Only 
six small to medium-sized larvae were found. Three of these were 
dead, but the other three presented no noticeable symptoms of disease. 
Agar plates made from each of the six larvae yielded gray colonies in 
each instance. Five silkworms were inoculated from each plate, a 
different colony being used for each worm. All the 30 worms died 
on the following day, the remains in each instance soon becoming 
soft and brown. These observations indicated that the 3 dead 
larvae had died of potato beetle septicemia and that the other 3, 
while not yet showing symptoms of the disease, were infected. 

No dead potato beetle larvae were found during 1924 on the potato 
plot where during each of the 3 preceding years the disease had been 
encountered. Death from the disease may have occurred, however, 
since dead larvae may easily pass unnoticed on soil which has recently 
been cultivated and which has not been smoothed and hardened by 
rains. 

The potato plot in Washington which offered the opportunity 
for a study of the occuiTence of potato beetle septicemia and furnished 
much of the material for these studies had been used for potatoes for 
a number of years. As the primary purpose in maintaining the plot 
was to provide material for biological studies on the Colorado potato 
beetle, at least two plantings were made in it each year. x4.fter 1924 
the plot was used for another purpose. 

VIRULENCE OF BACILLUS LEPTINOTARSAE 

Other data regarding the virulence of Bacillus leptiiiotarsae are 
shown in table 1, which gives the results with 15 cultures, each iso¬ 
lated from a diJfferent larva found in nature sick or dead of potato 
beetle septicemia. 

The results recorded in table 1 may be summarized as follows: Of 
88 potato beetle larvae inoculated, 85 died within 2 days; of 244 
silkworm larvae, 243 died within 1 day; aU of 15 hornworm larvae 
died within 2 days; all of 17 cutworm larvae died within 3 days; all 
of 19 catalpa sphinx larvae died within 2 days; all of 4 white grabs 
died within 2 days; and of 19 adult potato beetles inoculated, 15 
died within 11 days. 



Table 1.^ —-Tests showing the virulence of Bacillus lepiinolarsae to various insects 
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It will be observed that among the larvae inoculated by puncture 
with Bacillus leptinotarsae an extremeh’ high mortality resulted 
within 3 days. Adults are not so susceptible to infection with this 
organism. It will be noted further that the virulence of cultures on 
artificial media is retained over long periods. 

Feeding and immersion methods were also employed in attempts to 
transmit the disease to potato beetle larvae. In two tests in which 
42 larvae were inoculated by feeding, 7 died within S days.^ Fifty 
larvae were placed on potted potato plants which had been sprayed 
with a 48-hour bouillon culture of the bacillus. No evidence of 
infection was seen among these. Of 75 larvae immersed in an aqueous 
suspension of an agar culture and then placed on a potted potato 
plant, 3 died within 5 days. Whether these 3 died from the inociila- 
tion is not known. 

EXCITING CAUSE 

Bacillus leptinotarsae is the bacillus found in potato beetle septi¬ 
cemia in nature and the one present in the septicemia experimentally 
produced in the insects inoculated by puncture with material from the 



potato beetle disease. Both in the disease as it occurs in nature and 
in the experimental one this bacillus seems to be the immediate cause 
of death. Whether it is the primary exciting cause of the potato 
beetle disorder is yet to be determined. 

Inoculation of the common and usual differential media with 
Bacillus leptinotarsae is followed by abundant growth. 

Mokphology, —The common name “coccobaciliiis’' suggests the morpliolog}^ 
of the species. The rods from a 1-day agar culture are small and short with 
rounded ends (fig. 2, A). Some are ovoid, and many resemble cocci. They 
measure about 0.9/i in length and 0.6/t in width. The rods from a 1-day bouillon 
culture measure l.l/i in length. In older cultures they average slightly longer. 
Flagella are peritrichic (fig. 2, B ); frequently only 1 is seen, and it is not polar. 
More often there are 2, 3, or 4, but rarely more than 4. Spores are not produced. 

Motility, —Many of the shorter rods progress actively. 

Staikikg PKOPBRTiES. —The rods stain readily and uniformly. They are 
Gram-negative. 

Agar plates. —Growth takes place rapidly. The colonies are gray by reflected 
and bluish by transmitted light. The border is entire and the surface oval and 

Three of the 7 dead larvae were parasitized by fly larvae. The gross api->earance of the others did not 
indicate that they had died from infection with B. leptin(aarme. 
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glistening. Magnified, they are finely granular. The mass is nonviscid and 
adheres to the medium. 

Agar slant. —Within 1 day a moderate bluish-gray nonviscid growth takes 
place. 

Gelatin stab. —A white growth with beginning of liquefaction is present along 
the stab after 24 hours at room temperature. The liquefaction continues and 
becomes crateriform, infundibuliform, and sometimes stratiform in 5 days. A 
friable pellicle forms which later sinks. 

Potato. —A moderate moist gray groivth occurs within 2 days, which may 
become slightly browmish. 

Bouillon. —Growdli takes place rapidly, the medium becoming slightly 
clouded within a few hours and heavily clouded within^ a day. A ring of gray 
growdh adheres to the w^all of the tube. A friable pellicle may form and later 
sink. The medium remains clouded and the sediment becomes heavy. 

Milk. —A soft coagulum forms after 2 or 3 days and slow digestion takes place. 

Litmus milk. —The milk is unchanged during the first day. Within a week 
the color is discharged. 

Carbohydrates. —Growth is usually increased by the addition of carbo¬ 
hydrates. Fermentation with acid production takes place in dextrose, galactose, 
levulose, maltose, mannose, mannite, glycerin, dextrin, xylose, and the glucoside 
salicin. The slight acidity occurring in lactose and arabinose is soon changed to 
alkaline. No acid is formed in raffinose, inulin, erythrite, or inosite. 

Thermal death point. —A suspension in physiological salt solution is killed 
within 10 minutes at 52*^ C. 

Resistance to drying. —An aqueous suspension from a 4-day agar culture 
on drying is dead wdthin 3 hours. 

PATHOGENESIS 

Practically 100 percent of the potato beetle larvae inoculated by 
puncture vdtb pure cultures of Bacillus leptinotarsae die from the 
infection produced. The period from inoculation to death ranges 
from less than 1 to more than 3 days. The course of the experi¬ 
mental disease varies with the insect species inoculated, the tempera¬ 
ture, and slightly with the culture employed. Some cultures kept 
on agar with occasional transfers have retained their virulence for 
silkworms for more than 8 years. That of others has diminished. 

A w^hite mouse receiving intraperitoneally about 100,000 bacilli 
from a 48-hour agar culture became ill within 2 hours, later lying on 
its belly with the flanks depressed. Within a few hours it recovered 
and remained well thereafter. A rabbit similarly inoculated with 
about 200,000 bacilli was somewhat sluggish 4 hours after the inocu¬ 
lation, but soon recovered and remained well. A guinea pig, white 
rat, and two chickens receiving intraperitoneally about 200,000 bacilli 
manifested no symptoms of disease. 

The recovery of Bacillus leptinotarsae from potato beetle larvae 
sick or recently dead of potato beetle septicemia, the experimental 
infection of healthy potato beetle larvae with a pure culture of the 
species by the puncture method, followed by death of the larvae with 
post-mortem changes similar to those of potato beetle septicemia, 
and the recovery of the bacillus in pure culture from the tissues of 
the experimental insect are easily accomphshed. These observations 
tend strongly to indicate that the bacillus is the inciting cause of 
potato beetle septicenna. However, the extremely low mortality that 
follows both the feeding and the immersion methods of inoculation 
lead one to inquire further regarding the primary exciting cause of 
the disorder. 
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CULTURES FROM APPARENTLY HEALTHY LARVAE 

Examinations ^were made of apparently" healtliy potato beetle 
larvae to detemiine^ tlie presence or absence of pathogenic bacterial 
species in the intestines. A bit of feces expressed from a larva and 
streaked on the surface of an agar plate usually sufficed for obtaining 
fairly well isolated colonies. One plate was made from, each larva 
examined. Silkworms were inoculated by puncture from these 
plates, each yvorni receiving a culture from a different colony. Ordi¬ 
narily five yvorms were inoculated from each plate. the 

inoculated worms manifested symptoms and died, and the post¬ 
mortem changes resembled those of yvorms that had died from inocu¬ 
lation vdth Bacillus leptinotarsae, this pathogenic species was sus¬ 
pected. 

The apparently healthy lary-ae, studied during 1923, were taken from 
potato plants grown on the same plot of ground where larvae, dead 
of potato beetle septicemia, had been found during each of the 2 pre¬ 
ceding years. Gray colonies resembling those of Baeillus leptino¬ 
tarsae were selected for examination. 

On June 8, silkworms were inoculated from 3 plates. None of the 
15 worms inoculated from these died. On June 9, silkworms were 
inoculated from 7 other plates. All the 25 worms inoculated from 
5 of these plates remained well. All of the 10 worms inoculated from 
the other 2 plates died. On June 11, silkworms were inoculated 
from 12 plates. None of the 55 laiwae inoculated from 11 of these 
plates died. Two of the five worms inoculated from the other plate 
died, the remaining 3 being unaffected. 

The other observations for 1923 on apparently healthy potato 
beetle larvae are as follows: All the 10 gray colonies examined from 
2 of 35 larvae were pathogenic to silkworms; 3 of the 5 colonies 
examined from another larva were pathogenic; and none of the 
colonies selected from plates made from the remaining 32 larvae were 
pathognic. 

The bacterial species isolated from apparently healthy potato 
beetle larvae which formed gray colonies and yvhich yvas pathogenic 
to silkworms w"as found upon cultural study to be Bacillus lepiino- 
tarsaej the others were not. 

Further studies were made during 1924 on the bacteria of apparently 
healthy potato beetle lary^ae. A species producing yelloyv colonies, 
one producing gray colonies similar to those of Bacillus lejthwtarsae, 
and a species of Streptococcus were examined in addition to Bacillus 
leptinotarsae. Most of the larvae studied were taken from the same 
potato plot from which the laiwae examined in 1923 had been 
collected. 

On June 18, 10 agar plates were made, each with a bit of feces 
from a different potato beetle larva, and the gray colonies were 
chosen for testing. All of the 20 worms inoculated from 4 of the 
plates died, 14 of the 20 worms inoculated from 4 other plates died, 
and all of the 10 worms inoculated from the remaining 2 plates lived. 

On July 15, 11 agar plates were made from 11 apparently ^healthy 
potato beetle larvae obtained from a locality 8 miles distant from the 
plot in AYashington which had furnished larvae for the studies reported 
above. AAlien 4 gray colonies from each ifiate were used, none of 
the 44 silkworms inoculated from the 11 plates died. 
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On June 25, 14 agar plates were made from 14 healthy larvae. 
In each instance the expressed feces were added to 1 cc of sterile 
water, and a plate was made from the suspension. Gray colonies 
were obtained on 10 of the 14 plates, yellow ones on 12 of them, and 
a species of Streptococcus on 6 of them. The number of yellow 
colonies per plate ranged from 1 to 14; the gray ones, from 1 to 
300; and the Streptococcus, from 2 to 200, the larger counts being 
estimated in each instance. 

On September 2, 16 agar plates were inoculated each with the 
diluted feces from a different potato beetle larva. One of the plates 
remained sterile. The rest bore gray colonies ranging in number from 
a few to many. Some of them also contained yellow colonies of a 
nonpathogenic, nonmotile bacillus and a few contained a species of 
Streptococcus. The pathogenic species forming gray colonies studied 
during 1924 were found to have the cultural characteristics of Bacillus 
leptinoiarsae. 

From this preliminary study on apparently healthy potato beetle 
larvae it is seen that some larvae taken from a plot where potato 
beetle septicemia had occurred harbored Bacillus leptinotarsae, and 
that a nonpathogenic bacillus resembling B. leptinotarsae, a non¬ 
pathogenic streptococcus, and a nonmotile, nonpathogenic chromogen 
were often present also. 

COMPARISON OF BACILLUS LEPTINOTARSAE, B. SPHINGIDIS, 
AND B. NOCTUARUM 

The morphology and cultural characteristics of Bacillus leptino¬ 
tarsae, B. sphingidis, and B. noctuarurn are similar. Variations 
within each species are comparable to the slight variations noted for 
the different species. The pathogenesis of these different species 
observed when silkworms are inoculated by puncture is also similar. 
Differences have been found in agglutination tests for the different 
species. Agglutination variations, too, are found among the different 
cultures of B. leptinotarsae isolated from the same outbreak of the 
disease. Serum froni a rabbit immunized with B. leptinotarsae show¬ 
ing an agglutination titer of 1 : 1,600 for the culture used agglutinated 
some other cultures of the species at 1 : 1,600, some at 1 : 400, some at 
1 : 200, and some w^ere not agglutined. 

In givmg another name to the bacillus occurring in potato beetle 
septicemia w^hich is so similar to the sj^ecies occurring in hornw^orm 
septicemia and to the one in cutwmrm septicemia, the writer is follow^- 
mg the example of others w^orking on this disease group. When the 
group has been more fully studied a different classification of these 
species may be made. 

DIAGNOSIS OF POTATO BEETLE SEPTICEMIA 

The presence of potato beetle septicemia may be suspected if the 
number of larvae in a beetle infestation should diminish rapidly 
from no apparent cause. The disease is further indicated if dead 
bTu j- different ages showing post-mortem changes characteristic 
ot the disea^ are found on the ground. A positive diagnosis is made 
by tmdmg Baculm leptirwtarsae in sick or dead larvae. The disease 
must be differentiated from insect parasitization and death from 
insecticides. 
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PREDISPOSING CAUSES OF THE DISEASE 

If Bacillus lepiinotarsae is the primary exciting cause of potato 
beetle septicemia,^ predisposing factors probably play an important 
role in the causation of the disease. Since few if any potato beetle 
larvae died from feeding or immersion inoculations, these insects, it 
seems, must possess protective agencies which tend to prevent the 
entry of the organism into the blood. 

Most of the larvae found dead of the disease in nature were either 
small or of medium size. In experimental inoculations also larvae of 
these sizes died sooner than those that were nearly mature. 

Death from inoculations takes place sooner during hot weather 
than when the temperature is lower. That the season of the year is 
a predisposing factor for the disease is indicated by the observations 
that the heaviest mortality occurs in August. 

TRANSMISSION OF THE DISEASE 

Since the intestinal tract, the blood, and various tissues of the 
potato beetle larvae are places of multiplication of Bacillus lepfino- 
tarsaCj the feces of such larvae and the bodies of those dead of the 
disease may contaminate the soil with the bacillus. As the viability 
of the bacillus is well maintained in damp earth, the soil remains a 
possible source of infection for long periods. 

While it seems likely that the bacillus may at times gain entrance 
to the blood of the larvae by way of the alimentaiy tract, experi¬ 
mental evidence indicates that the insect possesses protective forces 
which markedly restrict infection by this route. Owing to the ease 
with which infection may be induced by puncture inoculations, 
injuries to the body wall by enemies of the larvae are to be considered 
as possible factors in the transmission of the disease. Among enemies 
reported for the potato beetle are a ladybird, ground beetles, soldier 
bugs, robber flies, a tachinid fly, mites, and spiders. 

BACILLUS LEPTINOTARSAE AS A FACTOR IN THE CONTROL OF 
THE COLORADO POTATO BEETLE 

In each year of the three that potato beetle septicemia was foimd 
in the field the presence of the disease was accompanied and followed 
by a rapid decrease in the number of larvae in the infestation, although 
there were at the time an abundance of food and many adult beetles. 
In the absence of any known cause for the decrease the disease must 
be considered a possible causative factor. 

The heaviest mortality accompanying the disease has been noted 
among larvae of the last brood for the year. If the overwintering 
insects should be largely of this brood the disease would seem to have 
an added importance in the natural control of the pest. 

Inasmuch as the disease is not readily transmitted through feeding 
inoculations with Bacillus leptinotarsae, the spraying of potato plants 
with cultures of this organism cannot be recommended at the present 
time as a means of artificial control. Whether artificial contamina¬ 
tion of the soil with disease material or some other artificial use of 
the disease would be helpful in effecting control are problems for 
further study. 
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More data on the distribution and seasonal incidence of, and 
mortality from, the disease are .much needed. It would be partic¬ 
ularly iimtructive to know what insect and other enemies of^ the 
potato beetle are operating before and during the occurrence of the 
disease. Such obseryations would furnish useful information regard¬ 
ing the causes of the disease, its importance in the natural control of 
the pest, and its possible use in artificial control measures. 

SUMMARY AND CONCLUSIONS 

The present paper includes a description of, and a report on, 
preliminary studies of a disease of the Colorado potato beetle. 

A frank septicemia in the moribund insect is a marked characteristic 
of the infection. This fact suggested the name potato beetle sep- 
ticeniia for the disease. 

The bacillus occurring in the septicemia is a short, actively motile, 
Gram-negative rod, to which has been given the name Bacillus 
hpiinotarsae. 

Another bacillus found in cultures from larvae dead of potato beetle 
septicemia is morphologically and culturally si.milar to B. leptinotarsae, 
but is not pathogenic. 

A nonpathogenic streptococcus occurred in considerable numbers 
in some of the larvae sick or dead of the disease. 

Plate cultures made from feces expressed from healthy potato 
beetle larvae usually yielded only a small number of colonies. Only 
a few species occurred, and these often were chromogens. 

The vmilence of cultures of B. leptinotarsae on artificial media 
has changed little in 8 years. 

It seems probable that potato beetle septicemia is a factor in the 
natural control of the Colorado potato beetle. Further studies are 
needed to demonstrate its importance in artificial control measures. 



ROSE BLAST INDUCED BY PHYTOMONAS SYRINGAE * 


By H. B. Bosex 

Plant 'pathologist^ Arkansas Agricultural Experiment Station 

INTRODUCTION 

Eariy in Ma}' 1933, a malady which apparently has not been 
described was detected in a rose garden at Fayetteville, Ark., on the 
well-known hybrid perpetual, Magna Charta. It involved recep¬ 
tacles, calyx lobes, flower stalks, and leaf petioles, being most abund¬ 
ant on receptacles and relatively rare on leaf petioles. 

SYMPTOMS 

The affected portions appeared as blackish-brown, dead spots and 
streaks, which varied considerably in size and shape (fig. 1). Some 
took the form of small oval-shaped or rounded spots, not more than 
1 mm in diameter, while others were large narrow streaks involving 
5 to 8 cm of tissue in the longest diameter. The individual spots and 
streaks appeared depressed or sunken as compared with adjoining 
healthy tissue, particularly on the receptacles and pedicels, and sug¬ 
gested a collapse of the cells involved in the diseased areas. A narrow 
red border often delimited the diseased parts. On the large calyx 
lobes, characteristic of Magna Charta, the disease, starting at the 
base, often ran the whole length of the lobe. In most instances the 
affected buds failed to open, and may be said to have been blasted or 
blighted. 

Microscopic examinations of diseased areas revealed great numbers 
of bacteria within the tissues, the bacteria readily clouding the water 
medium when slight pressure was applied to the cover glass. In this 
respect the disease closely resembed fire blight on rose buds. Indeed, 
the external symptoms bear a very close resemblance to those pictured 
by Rosen and Groves “ on rose buds artificially infected with Envinia 
amylovora, except that droplets of bacterial exudate were not observed 
in the disease here discussed. 

INOCULATION EXPERIMENTS 

Several pure-culture isolations were attempted, and isolates were 
obtained from two diseased receptacles, a calyx lobe and a petiole. 
Special studies were made of the morphology, the cultural and 
physiological reactions, and the pathogenicity of these isolates. 
Since artificial inoculations on shoots of pear {Pyrus comnitinis) 
fig. 2) resulted in blackish discoloration of leaf blades that were 

1 Eeceived for publication Mar. 27, 1935; issued September 1935. Researcb Paper No. 391, Journal 
Series, University of Kansas. 

2 Rosen, H. R., and Groves, A. B. studies on fireblight: host range. Jour. Agr. Research 37: 
493-505, illus- 1928. 
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located considerably beyond the bacteria-invaded stem tissue, it 
appeared that the pathogen might belong to the Phytomonas syringae 
group and not to Erwinia amylorora (see Rosen and Bleeker).''^ To 
test this tlieory the rose isolates were grown on Uschinsky’s solution 
and on beef-infusion agar, two media which arc conducive to the 



Figure l—N atural infections on rose caljTc lobes, receptables, pedicels, and petiole (extreme left) of Magna 

Cbarta. Slightly reduced. 

^velopment of the greenish fluorescent pigment characteristic of 
F. syringae. All of the rose isolates, when transferred to these 
media, deyeloped a pigment which appeared very similar to that 
^oduced by authentic cultures of P. syringae. P. citriputeale, and 

P. prun%mla. 


AND PATHOLOGICAL INVESTIGATIONS 
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Former work by Eosen and Bleecker had shown the lemon to be a 
differential host between Erwinia amylovora and Phytomonas syringae, 
the fire blight pathogen producing little or no effect on this fruit while 
the various forms of P. syringae produced typical black pit lesions. 
Consequently, if the rose isolates were related to P. syringae, they 
should produce conspicuous blackish depressed spots on lemons. 


Figure 2.--Artificial infections on Bartlett pear shoots with a pure-culture isolate from a diseased rose 
receptacle. N ote blackish discolorations of stem tissues (around points of inoculation), and the sooty like 
discolorations of the extreme upper leaf blade, central shoot, characteristic of such artificial infections 
on pear, and serving to distinguish Phytomonas syringae from Erwinia amylorora. 

Needle-prick inoculations on 12 lemons with these rose pathogens^ 
contrasted with E. amylovora inoculations made at the same timej 
resulted in the production of blackish spots with the rose isolates and 
none with the fire bhght pathogen (fig. 3). The spots were character¬ 
istic of those produced by P. citriputeale (one of the many names 
under which P. syringae has been described). For a relatively rapid 
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and simple differential test between E. amylovora and fluorescent 
rosaceous bacterial pathogens, the use of lemon fruit appears to 
offer exceptional advantages. 

In addition to pear twigs and lemon fruit, artificial inoculations 
were made on two varieties of roses, Magna Charta and Eadiance 
(pink), and on young lilac shoots. All the inoculations on Magna 
Charta w^ere made out of doors in a garden which had shown no 
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bacteria being applied by means of sterilized, all-metallic artists' 
atomizers. These atomizer inoculations were enclosed in glassine 
bags. A similar number of control inoculations were made by 
means of needle punctures and the use of sterile water, and by atom¬ 
izing unwounded shoots with sterile water and covering them with 
glassine bags. On May 3 all needle-puncture inoculations with 
bacteria showed symptoms resembling natural infections of rose 
blast (fig. 4). A.11 the controls were free from disease symptoms 
other than very limited browmish spots centering around the needle 
pricks. By May 8 the infected areas on some of the buds inoculated 
by needle punctures had involved one-third or more of the receptacle 
circumference, 1 or 2 calyx lobes, and the upper third of the pedicels. 
In these inoculations, the portion of the bud which showed no de¬ 
pressed, brownish areas turned a sickly yellow and the buds with. 
attached pedicels aborted and dropped from the plant. All checks 
remained healthy, the blossoms opening normally and remaining 
attached to the plant. No sure signs of infection were obtained in 
the unwounded atomizer inoculations. From one of the artificially 
infected buds the organism was reisolated, grown in pure cultures, 
and inoculated on several Bartlett pear shoots, on which typical 
Phytomonas syringae symptoms appeared. 

Numerous attempts to infect Radiance plants maintained in a 
greenhouse by needle-puncture inoculations, by hypodermic injec¬ 
tions, and by spraying with bacterial water suspensions on young 
buds and leaves, were failures. Beyond wound injuries made by 
the needles, the inoculated plants showed no signs of disease. Under 
greenhouse conditions at least. Radiance appears to be nonsusceptible 
to this disease when Bartlett pear shoots similarly inoculated are 
very susceptible. 

On April 5, 1934, tender shoots of lilac (Syringa vulgaris) attached 
to plants growing out of doors were inoculated with different isolates 
of Phytomonas syringae by means of hypodermic injections. The 
first signs of infection appeared on April 9. Ten shoots were inocu¬ 
lated with each isolate. The number infected is shown below. 


Numb€T 
of shoots 

Isolate : injected 

Rose receptacle- 8 

Pear receptacle ^_ 7 

Pear petal ^_ 7 

P. syringae from lilac * _ 1 

P. pr unicola ^ _ 0 

Pear (Garber) _ 0 

Controls (sterile water)_ 0 


In addition to the hypodermic injections, seveiul lilac leaf clusters 
were inoculated without wounding by atomizing with water suspen¬ 
sions of the following isolates; Rose receptacle, pear petal, and 
Phytomonas syringae. Six days later the only lilac leaves infected 
were those atomized with the isolate from rose receptacle, and even 
these were very small, pin-point lesions on a few leaves. These 
results coupled with those shown above, leave no doubt that the rose 
isolate is parasitic on lilac (fig. 5). The fact that the rose isolate 


* These isolates were the ones previously studied by Rosen and Bleecker. See footnote 3. 
17047 -35-4 
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produced a greater nunaber of infections on this host than the lilac 
blight isolate can perhaps be explained by the fact that the latter 
had been kept growing in artificial cultures for several years and had 



Figure 5.—Artificial infections on lilac with a pure-culture isolate from rose blast. Photographed 5 days 

after inoculating. 


probably lost most of its virulence.. The same explanation may be 
offered for lack of infections with several of the other isolates. The 
stem lesions produced by the rose blast isolates on lilac are com¬ 
parable to those described by Bryan ® for lilac blight. 


Bryan, M- K. lilac blight in the united states. Jour. Agr. Research 36: 225-235, illus. 1928 
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CULTURAL CHARACTERS OF THE ORGANISM 

In culture media and in stained preparations, the rose Hast isolates 
are comparable to the other isolates noted previously. 1 hey are all 

rapidly groi-ring, motile, polar-flagellatcd rods (rig. b), 'wiiich. as 
isolated colonies on nutrient agar plates are round, glistening, white 
or graTish white, butyrous, pulvinate, and definite-margmed. If 
beef-infusion agar is used instead of beef extract, the agar around the 
colonies turns greenish yellow. Comparable pigment is produced 
in Uschinsky's solution and in beef-infusion broth. 



FfRCEE 6.-“Piire-cultiire isolate of a rose receptacle, from a 20-hour«old nutrient agar slant culture grown 
at 26° C,; stained to show' flagella (Rosen Cr 1 M stain). Note polar arrangement. X 1,425. ^ 

.>■ 

COMPARISON OF ROSE BLAST WITH OTHER ROSE DISEASES 
RESEMBLING IT 

As to other diseases of roses which resemble rose blast or which may 
be confused with it, the bacterial disease recently described very 
briefly by White ^ is of special interest. He noted it on greenhouse 
roses, particularly on the hybrid tea varieties Souvenir and Talisman. 
It appeared as brownish spots, often with a reddish border on leaves 
(blades?), on catyxes, on outer petals (in the form of ‘‘dark brown 
water-soaked decayand on young stems (small, reddish spots). 
He briefly notes that the bacterial colonies are gray (yellowish by 
tmnsmitted light, as many grayish or whitish bacteria are likely to 
be), “circular with smooth regular margins and a glistening surface.^^ 
So far as this description of the bacteria is concerned, it might be 
applied to Ph’iftomom.s synngae, though it is entirely too inadequate 
to be applied with certainty. Nothing is said about any pigment 
production on various culture media, and some of the symptoms as 
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well as the conditions under which the disease is produced suggest 
that it is different from rose blast. 

Several other maladies which may be confused with bacterial blast 
of roses are of nonparasitic origin. These are (1) a browning and 
withering of flower buds of Rosa rugosa varieties and nearly ali 
hybrid rugosas grown in the South, including F. J. Grootendorst and 
Sir Thomas Lipton. This the writer considers to be in the nature of 
species or varietal response in regions xmadapted or adverse to this 
particular group of roses. (2) The well-known browning and blighting 
of many hybrid perpetuals and nearly all hybrid teas and teas which 
possess many petals, a malady which is seemingly associated with 
extremes of temperature, with perhaps the low temperatures doing 
most of the damage. In the South, General Jacqueminot, a great 
favorite of northern rose growers, is notoriously susceptible to this 
form of disease, while among hybrid teas Francis Scott Key, Dame 
Edith Helen, Jonkheer J. L. Mock, Willowmere, and Columbia not 
infrequently develop a ^'balling’’ and blighting of flower buds, par¬ 
ticularly in the early part of the growing season. Various types of 
insect injury at times involve a browning and killing of the buds. 

DISTRIBUTION OF ROSE BLAST AND OBSERVATIONS ON 
VARIETAL BEHAVIOR 

The fact that rose blast is here reported appajently for the first time 
and from one locality only, suggests that it is limited in range or that 
it is of relatively rare occurience. However, in view of the wide range 
of hosts that have been described for various isolates of Phytomonas 
syringae J if the writer ^s identification of the pathogen is correct it may 
be widely distributed, both in this country and in Europe, but limited 
in occurrence by weather conditions. It is to be looked for primarily 
in the early part of the growing season during exceptionally cool and 
wet weather. 

As to varieties other than Magna Charta that may be susceptible 
to rose blast, Georg Arends, a hybrid perpetual, growing in another 
rose garden at Fayetteville, had flower buds that appeared to be 
affected with this disease. The diagnosis was uncertain, however, no 
culture work having been attempted. It is of interest to note that 
standing close to the diseased Magna Charta were a number of other 
rose varieties, including at least three hybrid perpetuals, Paul Neyron, 
Mrs. John Laing, and Frau Karl Druschki; several hybrid teas and 
teas, including Eed-Letter Daj-, Madam Butterfly, Talisman, Red 
Radiance, Dame Edith Helen, and White Maman Cochet; and a 
supposed polyantha, Gruss an Aachen, xvhich showed no symptoms 
of the disease. Whether this is indicative of a true resistance of 
these roses or whether it was merely a fortuitous occurrence cannot 
be stated with certainty. 

SUMMARY 

A disease of roses involving receptacles, calyx lobes, pedicels, and 
petioles is described. The disease is believed to be new to science. 
The malady termed “rose blast” is caused by bacteria, and the 
pathogen has been identified as Phytomonas syringae. 




INHERITANCE OF RESISTANCE TO MILDEW, ERYSIPHE 
GRAMINIS HORDEI, IN A CROSS BETWEEN HANNA 
AND ATLAS BARLEY' 


By Fred N. Briggs- 

Assistant agronomistj California Agricultural Experiment Hkition 

INTRODUCTION 

Barley mildew {Erysiphe graminis hordei) is a common disease in 
California. Although usually ^present in fields of barley (Hordeum 
Vulgare L.), it is especially destructive to late-sown barley. vSince 
the production of resistant varieties offers the only practical control^ 
a study of the inheritance of resistance to mildew in hybrids between 
several resistant varieties and Atlas barley, which is very susceptible 
has been undertaken. As barley offers ver 3 ^ good material for link, 
age studies, an attempt is being made to place the resistant factora 
in their proper linkage groups. The genetic information obtained 
will form the basis for a program of backcrossing hj which it is expected 
to transfer resistance to the most important of the baiie}^ varieties 
grown in California. The present paper deals with data from the 
hybrids of Hanna X Atlas. 

WORK OF OTHER INVESTIGATORS 

As Hansen (7)^ has recently published an extensive review of the 
literature dealing with the inheritance of resistance to plant diseases, 
only a few papers will be mentioned here. 

Biffen (f), as early as 1907, studied the inheritance of resistance to 
mildew in a cross between Hordeum spontaneum and H, hexasticqfur 
catUMj the former being the most resistant and the latter the most 
susceptible variety in a collection of 140 varieties. The Fi progeny 
was as completely attacked as the susceptible parent. In an F 2 
population of 79 plants 56 were badly attacked, 16 bore a trace of the 
mildew, and 7 were free from it. If in addition to the 7 mildew-free 
plants the 16 that had a trace of the disease are considered as resist 
ant—^a conclusion which seems justified since AT. spontaneum showed 
a trace of the disease under the same conditions—the result is 56 
susceptible to 23 resistant. Although the number of plants was 
small and the results were not verified in the Fa generation the data 
suggest the operation of a single recessive factor for resistance to 
mfidew. 

Dietz and Murphy (4) and Dietz (3) studied the inheritance of 
resistance to mildew in crosses between resistant Goldfoil C._I. 928 
and four susceptible barley varieties, Chevalier C. I. 156, Trebi C. I. 
936, Odessa C. I. 927, and Velvet C. I. 4252. In the four crosses 

1 Received for publication Apr. 12, 1935; issued September 1935. -ij, 

2 The writer wishes to acknowledge the assistance of L. D. Whitney and G. L. Barry in taking the mildew 
readings. 

3 Reference is made by number (italic) to Literature Cited, p. 249. 
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there were 5S8 susceptible and 202 resistant plants—very close to a 
3 ■ 1 ratio. Taken individually, all the crosses gave ratios very close 
to 3 ; 1 except Goldfoil X Velvet. Only 48 Fo plants, however, were 
sjrown from that cross. Enough F, progenies were grown to verify 
the F. classifications. The factor for re.sistance to mildew in the 
Goldfoil crosses differs from that in the Hanna hybrids,_ because in 
the former susceptibility is completely dominant, as Biffen found it 
in Hordeumspontaneu>n,\vheTe.a.s, as will later be shown, susceptibility 
is incompletely dominant in the Hanna cross. 

MATERIALS AND METHODS 

In the fall of 1929 Dr. E. B. Mains, then at Purdue University, 
generously supphed the writer with several barley varieties known 
by him to be resistant to one or more physiologic forms of barley 
inUdew. These were selected from varieties used by Mains and 
Dietz (S) in studying physiologic forms of this disease. Of the 5 
forms discovered by them, Hanna C. I. 906 was completely resistant 
to 4 but susceptible to the fifth, giving a type 4 infection. They 
recognized 5 types of reaction, 0 to 4, as follows {8, p. 231): 

HigUy resistant, denoted as 0. Macroscopically, no mycelium is evident. 
Chlorotic or necrotic spots may be developed by some varieties. Microscopically, 
a slight amount of mycelium may develop and infection may be evident macro¬ 
scopically by faint flecks. 

Very resistant, denoted as 1. Slight to moderate development of mycelium 
evident macroscopically but with little or no sporulation. Chlorotic or necrotic 
spots developed by some varieties. 

Moderateiy resistant, denoted by 2. A moderate to abundant development 
of mycelium occurs, accompanied by a slight production of conidia. Chlorotic 
or necrotic areas are formed by some varieties. 

Moderately susceptible, denoted by 3. A moderate to abundant development 
of mycelium occurs, accompanied by moderate sporulation. 

Very susceptible, denoted by 4. Abundant mycelium is developed, accom¬ 
panied by abundant sporulation. 

The writer has followed this classification in designating the reaction 
of the Yarieties which were supplied by Mains, and which have been 
grown in the field at Davis, Calif., since 1930. As the 1930 crop was 
seeded in the fall, comparatively little mildew developed. Since that 
time these barleys have been seeded in late spring, and good mildew 
infections have resulted, although the readings have not always been 
so high as those obtained by Mains and Dietz in their greenhouse 
studies. The mildew here has corresponded very closely to their 
form 3y the only difference being a reading of 1 on an unnamed variety, 
C. I. 1021, where they obtained 0 . It was interesting to find form 3, 
since their form 4 originally was collected in California and Idaho. 
According to Dietz { 3 ), Dr. Lysle D. Leach collected form 4 at 
Davis, Calif., in 1927, 1928, and 1929. 

The hybrid populations were grown in the field at Davis in the 
same nursery with the differential host varieties and were seeded at 
the same time. They were grown in rod rows 1 foot apart, the F 2 
seed being spaced 6 inches part and the F 3 4 inches. Every fifth 
rovT was seeded to Atlas as a check. The disease developed entirely 
from natural infection. The nuldew readings were made at about 
the time the plants w^ere heading. 
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EXPERIMENTAL RESULTS 


CLASSIFICATION OF F^- AND F,j PLANTS 

From 1930 to 1934, Hanna was given a reading of 0 . On a fe\\' 
occasions some mycelium developed, but in every case it was limited 
to 1 or 2 spots on an entire plant. Under the same conditions Atlas 
invariably was given a reading of 4 . 

The F 2 plants wei’e grown in 1933. They were classified as either 
susceptible or resistant. Every plant on which any mildew was 
found was classed as susceptible. The resistant plants were tagged 
so that the classification could be checked in F 3 . Out of a total of 
386 F 2 plants, 286 were susceptible and 100 resistant. This is very 
close to a 3:1 ratio, with 289.5 and 96.5 the numbers expected. 

Considerable variation was noted in the development of mildew 
on the susceptible plants, ranging from type 1 to type 4 . It is be¬ 
lieved that the lower grades of infection represent heterozygous plants, 
that type 4 and possibly type 3 represent homozygous susceptible 
plants, and. that the F 2 plants could have been classified into a 1 : 2:1 
ratio. This observation was confirmed in a study of heterozygous 
F 3 rows which will be discussed presently. 

The F 2 data indicate, therefore, that Hanna differs from Atlas 
in one factor for resistance to mildew and that susceptibility is in¬ 
completely dominant. 

F 3 progenies of 30 to 40 plants were grown from 384 of the 386 r 2 
plants. Two plants failed to produce seed enough for an F 3 row. 
The F 3 results are found in table 1 . 

Table 1. —Distribution of parent and Fz rows of the cross named into susceptible^ 

segregating, and resistant classes, grown in the field at Davis, Calif., 1984 


Parent or hybrid 


Rows of plants 


i 

... 

Susceptible 

Segregating 

Resistant 

Hanna parent____ 

NmfibeT 

Number 

Number 
; 15 

Atlas parftnt _ _ ___ 

101 


Hanna X Atlas _ ___ __ _ _ 

97 

193 

I 94 




The F 3 classification is very close to a 1 : 2:1 ratio, thus verifying 
the conclusion that the resistance of Hanna results from a single 
genetic factor. There had been a few errors in classifying the F 2 
plants. In 5 cases plants marked resistant proved to be heterozygous, 
and 5 classified as susceptible proved resistant. This is not surpris¬ 
ing, since even Hanna occasionally showed a trace of mildew and 
since in classifying the F 2 all plants showing any mycelial development 
%were placed in the susceptible group, AU homozygous susceptible 
plants had been correctly classified. 

The segregating F 3 rows had an average of 73.9 percent susceptible 
plants. In the discussion of the F 2 results it was pointed out that 
not all the susceptible plants showed a high grade of infection, and 
it was suggested that heterozygous plants were intermediate in 
susceptibility. With this in mind a few segregating F 3 row^s were 
classified as completely susceptible, intermediate, and resistant. The 
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results gave a satisfactory 1:2:1 ratio, which it has not seemed neces¬ 
sary to verify by growing a progeny test. 

The F;i data confirm the conclusion that Hanna differs from Atlas 
in one factor for resistance to form 3 of barley mildew, and tlia-t 
susceptibility is incompletely dominant. 


LINKAGE STUDIES 

In ail extensive review of the literature on the inheritance of resist¬ 
ance to plant diseases Hansen (7) found only a few cases of linkage 
between disease resistance and morphological characters in plants. 
Griffee (d), studying resistance to Helminthosporium sativum in relation 
to several characters in barley, found a positive correlation between 
resistance versus susceptibility and the factor pairs (1) six-rowed 
versus non six-rowed, (2) rough versus smooth awns, and (3) white 
versus black glumes. Because homozygous resistant progenies are 
not easily recognized, Griffee (6) was unable to learn much about the 
genetics of resistance to tliis disease except that it was correlated 
with the three factor pairs mentioned above. Since these factor pairs 
represent 3 linkage groups, he concluded that at least 3 factors for 
resistance were present in the resistant variety Svanhals. 

Barley offers favorable material for linkage studies because it has 
only seven pairs of chromosomes and the linkage between a number of 
factors has already been determined. Daane (g), in a critical survey 
of the literature on barley linkage, recognizes five well-established 
linkage groups with a number of factor pairs represented in each group. 

In the present paper data are available on three pairs of factors: (1) 
Resistance versus susceptibility to barley mildew, (2) six-rowed versus 
non 6-row’ed spikes, and (3) short-haired versus long-haired rachilla. 
Hanna is resistant to mildew, is two-rowed {H. distichon type), and 
has a long-haired rachilla. Atlas has the allelomorph to each of these 
characters. The two last-named factor pairs have been found by one 
or more investigators to give monohybrid ratios. That they segre¬ 
gated according to expectation may be seen in table 2. 


Table 2.— segregation of the factors listed in the cross of Hanna X Atlas, grown 

at Davis, Calif. 


Character 


S'usceptihie to mildew 
Resisiant to mildew.. 

Total. 

N’on 6-rowed. 

&*rowed.. 

Total. .. 

Long-haired racMlla,. 
Short-liaiired racMlIa— 

Total. 


^ Vataes of P taken from Fisher (S). 


Observed 

Expected 

X2 

pi 

Number 

Number 



290 

288 

0.0139 


94 

96 

.0417 


384 

384 

.0556 

>.8 

279 

288 

.2813 


105 

96 

.8438 


384 

384 

1.1251 

>.3 

283 

288 

.0868 


101 

96 

.2604 


384 

384 

.3472 

>.6 


Dmne (2) place nonsix-rowed versus six-rowed in linkage groun 
1 md lon^^ired vereus short-haired rachilla in group 2. That they 
Moag to different linkage groups is confirmed by data in table 3. 
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Table 3. — Fo data on independent inheritance of the factor pairs listed in the cross 
Hanna X Atlasj grown at Dapis, Calif. 


Character 

Observed 

Expected 

P 

Non O-rowed, long-haired rachilla__ 

Number 

211 

Number 

21 a 

«). 1157 - 

Non 6-rowed, short-haired rachilla... 

r»8 

72 

i . 2222 i 

()-rowed, long-haired rachilla___ 

72 1 

72 

i .0000 i 

6-rowed, short-haired rachilla...... 

33 i 

24 

1 3.3750 _ 

Total—..... 

1 

384 * 

i 

384 

3.7129 1 >0.2 


The data available from Hanna X Atlas, therefore, provide a test 
for linkage between mildew resistance and one character each in 
linkage groups 1 and 2. That independent assortment occurred is 
shown by table 4. 


Table 4. — F2 data on independent inheritance of mildew resistance vs. susceptibil¬ 
ity with the factor pairs listed; plants grown at DaviSj Calif. 


Character 

Observed } 

E-xpected j 

1 


? 


Number 

208 

Number j 
216 

0.2963 


Susceptible, 6-rowed _ __ ____ 

82 

-2 

1.3889 


■RAsistant, tion 6-rowed __ __ _ 

71 

i 72 1 

.0139 


Resistant, 6-rowed —_ _ 

23 

24 1 

.0417 


Total. 

384 

384 

1.7408 

>.5 

Susceptible, long-haired rachilla_ 

218 

216 

.0185 


Susceptible, short-haired rachilla... 

72 

72 

72 

.0000 


Rasistant, long-haired rachilla_ _ . __ 

65 

.6807 


Resistant, short-haired rachilla_ 

29 

24 

1.0417 


Total. 

384 I 

384 

1.7409 

>.5 


Since no linkage was observed between mildew resistance and the 
characters studied in linkage groups 1 and 2, crosses are being made 
which involve character pairs in other linkage groups. The writer 
hopes to place this disease-resistant factor definitely in one of the 
linkage groups. 

SUMMARY AND CONCLUSIONS 

A study was made of the inheritance of resistance to mildew in a 
cross between Hanna and AllSs barley. 

The results show that Hanna differs from Atlas in one factor for 
resistance to mildew and that suceptibility is incompletely dominant. 

There was no indication of linkage between mildew resistance and 
one factor pair each belonging to linkage groups 1 and 2 respectively, 
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EFFECT OF THE STAGE OF MATURITY AND METHOD 
OF CURING UPON THE VITAMIN B AND VITAMIN G 
CONTENT OF ALFALFA, CLOVER, AND TIMOTHY HAYS' 

By Chas. H. Hukt, associate in nutrition, P. R. Recobd, assistant in poultry, and 

R. M. Bethke, associate in nutrition, Department of Animal Industry, Ohio 

Agricultural Experiment Station 

INTRODUCTION 

In the past hays have been produced largely with one object in 
mind—that of obtaining the utmost in quantity or total yield. More 
recently attention has been directed to the factors that affect the 
nutritive properties of hays, with the object of producing a product 
with the maximum feeding value. 

Many investigators have pointed out the importance of hays as a 
source of vitamins for growing and producing animals. These in¬ 
vestigations have in the main dealt with \utaniins A and D. Prac¬ 
tically no information is available regarding the vitamin G content 
of hays and the factors that affect it. Tliis report presents the results 
of a study of the vitamin B (Bj) and G (Bo) content of alfalfa, clover, 
and timothy hays as they are influenced by the stage of maturity of 
the plant when cut and by natural climatic factors. It also includes 
the results of growth experiments with chicks, designed to show the 
value of the chick method of assay for the vitamin G complex as 
compared with the rat method. 

REVIEW OF LITERATURE 

In reviewing the literature, one finds data showing that certain 
practices or procedures affect the vitamin content of hays. Steen- 
bock, Hart, and their associates {lOY found that clover hay which 
had been exposed to sunlight and rain was less valuable as a source of 
vitamin A and that it had better calcifying properties than hay wiiich 
had been cured quickly and still retained a good green color. Russell 
(9) confirmed these findings, by showing that alfalfa hay dried arti¬ 
ficially was about seven times as potent in vitamin A as hay cured in 
the usual way. He also noted an increase in the vitamin D content 
when hay was cured in the sun. Unpublished data obtained at the 
Ohio Station confirm the foregoing results. Bethke and Kick (1) 
observed a loss of vitamin A in alfalfa hay cured in the sun and ex¬ 
posed to rain and dew. Hauge and Aitkenhead (7) also observed a 
loss of vitamin A and explained that the destruction w^as due to 
enzymes. Hathaway, Davis, and Graves (6) found that artificially 
cured alfalfa was twice as potent in vitamin A as field-cured alfalfa. 
Douglass, Tobiska, and Vail {5) reported that alfalfa cut at the early 
bloom stage contained more vitamin A and vitamin G than hay cut 
at a later stage. They also reported that exposure to rain and sun¬ 
shine lowered the vitamin A, vitamin B, and possibly the lutamin G 

5 Eeceived for publication Feb. 9,1915; issued September 1935. 

s Reference is made by number (italic) to Literature Cited, p. 258. 
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content. Hunt and Krauss (S), in a study of pasture grasses, found 
that tlie vitamin G content decreased as the plants matured. 

SOURCE OF HAYS 

The alfalfa and clover hays used in this investigation were either 
grown on the station farm at Wooster or were obtained from the 
Department of Farm Crops of Ohio State University at Columbus. 
The timothy samples were grown on the station farm or on plots of 
the Timothy Breeding Station of the United States Department of 
Agriculture, at North Ridgeville, Ohio. Unless otherwise stated, 
the samples were cured indoors in subdued light. 

RAT EXPERIMENTS 
METHODS 

In the first series of experiments for evaluating the vitamin content 
of the hays, rats were used as the experimental animals. These 
animals were born to mothers maintained on a modified Steenbock 
stock ration (B). When 24 days of age, or when weighing from 45 
to 60 g, the young were placed in screen-bottom cages and were given 
a diet free from vitamin B and vitamin G. Tliis diet consisted of 
casein (extracted if found to contain vitamin B or G), 18 percent; 
cornstarch, 64; hydrogenated fat (Crisco), 10; agar, 2; cod-liver oil, 
2; and salt mixture (185), 4 percent. 

If the rats w^ere to be used for the determination of vitamin G 
each was given daily 400 mg of yeast (Northwestern), autoclaved 
for 4 hours at 15 pounds pressure, in addition to the basal diet. When 
the animals had ceased gaining in weight, which required from 14 to 
21 days, they were placed in individual vdre cages and fed daily the 
hay supplement vith 400 mg of autoclaved yeast. The supplements 
were moistened with distilled water to prevent scattering. 

If the rats were to be used for the determination of vitamin G, the 
basal diet was supplemented with 1 cc of an extract of rice polishings 
per rat daily, to furnish vitamin B. 'When the weights of the animals 
became stationary, or when they had lost slightly in weight, they 
were transferred to individual wire cages and the supplement (hay), 
moistened with 1 cc of the vitamin B preparation, was fed daily. 
The depletion period required on an average about 24 days. 

The vitamin B extract was prepared as follows: Four kilograms 
of rice polisliings w^ere shaken up with 8 1 of 0.1-percent hydrochloric 
acid and allowed to stand overnight. The clear supernatant liquid 
wm then siphoned off. This procedure was repeated 5 or 6 times. 
The combined extracts were evaporated to 1,200 to 1,400 cc and then 
made up to 80 percent alcohol by weight. The precipitate was 
filtered off and washed with alcohol of the same strength. The 
combined alcoholic filtrates were partially concentrated under vacuum 
and the last tracos of alcohol removed before an electric fan. The 
residual liquid was then diluted so that 1 cc was equivalent to 1 g 
of lice polishings. 

The hays were ground to a fine flour, in a ball mill, for feeding 
purposes. The experimental feeding period in all cases was of 6 
weeks^^ duration. The results are expressed in terms of rat units, 
as outined by Bourquin and Sherman (5) and Chase and Sherman (4), 
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Table 1 . — Vitamin B and vitamin G value of hays 
VITAMIN B 


Sample and nod 


Alfalfa (1) 


Alfalfa (2) 


Timothy (3) 


Timothy (3), 15150.... 

Timothy (3), 12368..-. 

Timothy (3). 

Clover (1*). 

Alfalfa from alfalfa and 
timothy mixture (2). 

Timothy from alfalfa 
and timothy mix¬ 
ture (2). 

Alfalfa and timothy 
mixture (50:50) (2). 

400 mg autoclaved 
yeast (controls). 





Total 

Weekly 

Vitamin 



Level 

gain 

gain 

units per 

Date cut 

Rats 

fed 

or loss 

or loss 

gram 

(ap- 

proxi- 

mate)2 



daily 

(-) in 

(-) in 




w^eight 

weight 

/May 31, 

No. 

Miin- 

grams 

Grams 

Grams 



350 

11.7 

1.9 

) 

1932. 

1 8 

450 

22.3 

3.7 

j - 2.2 

} 2.0 

June 10, 

/ 8 

400 

15.3 

2.5 

1932. 

\ 8 

500 

18. 1 

3.0 

, June 21, 

i ^ 

500 

8. 1 

1.5 

1.6 

1932. 

1 8 

600 

18.3 

3-0 

July 28, 

/ ^ 

400 

15.8 

2.6 

} 2.0 

1932. 

1 8 

600 

22.3 

3.7 

Sept. 10, 

I 8 

450 

13.3 

2.2 


1932. 

1 8 

500 

18.2 

3.0 

j - 2.0 

June 8, 

/ 8 

400 

19.0 

3.1 

} 2.5 

1932. 

1 8 

500 

26.0 

4.3 

/June 12, 

8 

600 

7.2 

1.2 

. 7-0.8 

1931. 
June 24, 

8 

700 

5.1 

.85 

3.6 

1931. 

LTuly 13, 

8 

600 

-2.0 

-.33 

3. 5 

1931. 

June 18, 

/ S 

700 

11.1 

1.8 

} 3 1.2 

1932. 

1 8 

900 

21.8 

3. 6 

...do. 

I ^ 

600 

12.5 

2.0 

} - 

1 8 

800 

1 23.8 

3.9 

July 1, 

8 

600 

6.5 

1. 1 

3.5 

1932. 



i 



...do_ 

8 

1,000 

500 

11.5 

1.9 

3. 6 

[June 10, 

/ 8 

13.1 

2. 2 

} 1.6 

1 1932. 

1 8 

600 

22.3 

3 ! 7 

LTune 21, 

f 8 

500 

13.1 

2.2 

}l.6-1.8 

1 1932. 

1 a 

600 

27.2 

4.5 

June 8, 


400 

6.6 

1. 1 

} 1.6 

1932. 

1 a 

600 

22.2 

3. 7 

|--do. 

8 

\ a 

600 

800 

11.4 

24.5 

1.9 

4. 1 

i '-2 

|‘-.do_ 

{ ^ 

i 

i 

650 

700 

16.7 

21.3 

2.8 

3.5 






i 


Source and description 
of hay 


[University farm; first 
cutting. 


Second cutting; injured 
hy leaf hoppers. 

Third cutting. 

Station farm. 


uJ. S. Timothy Breeding 
/ Station. 


7 

\U, S. Timothy Breeding 
j Station; late maturing. 


Regular cutting. 
'University farm. 


[Station farm, grown as a 
r mixed hay. 


VITAMIN G 



/May 31, 

I 8 

100 

25.1 

4.2 

} 10-12 



1932 

1 8 

150 

40.8 

6.8 



June 10, 

8 

100 

24.9 

4.1 

10.0 

University farm; first 


1932 

June 21, 

I ^ 

150 

27.4 

4.5 

1 6.6 

cutting. 

Alfalfa (1). 

1932 

1 8 

200 

34.8 

5.8 



July 28, 

8 

150 

24.0 

4.0 

6. 6 

Second cutting; injured 


1932 






by leaf hoppers. 


Sept. 10, 

8 

75 

22. f> 

3.8 

Kl.O 

Third cutting. 


1932 

[June 8, 

f 8 

100 

15.9 

2.6 

} 

[Station farm; first cut- 


1932 

V 8 

150 

16.7 

2.8 

1 tmg. 

Alfalfa (2).. .. 







Second cutting, s u n - 
cured; no rain. 

Second cutting, sun- 
cured; 0.68-inch rain. 


Julv 21, 
1932 

{ S 

100 

200 

18.5 

20.7 

3.0 

3.4 

10.0 

5.0 


'June 12, 
1931 

{ ^ 

100 

150 

15.0 

24.0 

2.5 

4.0 

} 6.6 

Heads emerging. 


June 24, 
1931 

{ 6 

150 

300 

14.2 1 
25.4 

2.3 

4.2 

} 

Pull bloom. 

Timothy (3)__ 

jjuly 13, 
1931 

( 8 

1 8 

250 

400 

13.0 

25.0 

2.2 

4.1 

1 2.5 

Ripe, brown color. 


J 


June 18, 
1932 

{ 1 

150 

300 

9.7 

19.7 

1.6 

3.3 

} 3.3 

Early bloom. 


July 1, 
1932 

{ I 

300 

450 

17.4 

24.7 

2.9 

4.0 

j 2-3 

Late bloom. 


1 The same number indicates that the hays were grown in the same or in adjacent fields, 

2 A unit of vitamin B or G is the weight of the supplement which, when fed to rats under standard con¬ 
ditions will produce an increase in weight of 3 to 4 g pet week. , 

3 Estimated, animal could not consume sufficient hay to produce the required increase in weight. 

^ All rats died in 3 weeks. 
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Table 1 .—Vilamiu B and vitamin G value of /lap—Continued 
VITAMIN" G—Contmued 


I 

Sample and no. 

Date cut 

Rats 

Level 

fed 

daily 

Total 
gain 
or loss 
(-) in 
weight 

Weekly 
gain 
or loss 
(-) in 
weight 



No. 

Miin- 

grams 

Grams 

Grams 

Timothy (3), 15150_ 

June 18, 


150 

7.5 

1.2 


1932 

1 s 

300 

16.0 

2.6 

Timothy (3), - 

July 1, 

/ « 

150 

9.4 

1.5 

1932 

1 8 

300 

18.0 

3.0 

Timothy din 1232U... 

June 20, 

/ 8 

100 

16.0 

2,6 


1933 1 

1 8 

125 

19.9 

3.3 


■June 10, 1 

/ 8 

1 . 8 

100 

24.9 

4.1 


1932 1 

1.50 

28.7 

I 4.8 

(’lover G i ... -i 

June 21, i 

/ 8 

100 

27.7 

4.6 

1932 j 

1 8 

200 

37.8 

6.3 


June 17, 

f 8 

100 

17.1 

2.9 


1 1932 1 

1 8 

100 

17.4 ! 

2.9 

Alfalfa from alfalfa and 

J une S, 

iJ 8 

100 

16.0 

2.7 

tiEiothy mixture f2). 

i 1932 

ll 8 

150 

21.3 

3.5 

Timothy from alfalfa 

11 . 

r 8 

100 

15. 5 

2 6 

and timothy mix¬ 
ture (2j. 

f-'^". 

1 8 

200 

23! 3 

a! 9 

Alfalfa and timothy 

. 

f 8 

100 

16.4 

2.7 

mixture (50:501 (2). 

1 8 

200 

29.0 

4.8 

Controls. 

I 

j 

10 


-2.0 



Vitamin 
units per 
gram 
(ap¬ 
proxi¬ 
mate) 

Source and description 
of hay 


[U. S. Timothy Breeding 

1 2-3 

4 station, late-maturing 
[ variety. 

} 3.3 

Do. 

(U. S. Timothy Breeding 
\ Station, late-maturing 
[ variety, sun-cured. 

1 8.0 

] 10.0 

1 

J * 

lUniversity farm. 

1 10.0 

8 

1 

Cured indoors. 

8 

96-hour exposure, n o 
rain. 

1 6-6 


1 5.0 

(Station farm, grown as 

mixed hay. 

} 6.6 



RESULTS 

Tke results of the biological analyses for vitamin B, presented in 
table 1, show that hays are comparatively low in tliis factor. Alfalfa 
(bud stage, May 31) appeared to have a higher vitamin B content 
than either clover or timothy cut June 10 and 12, respectively, at 
approximately the same stage of maturity. The data also suggest 
that the vitamin B content of the plant decreases as the plant matures. 

The results of the vitamin G assays (table 1) show that hays may 
serve as a good source of this vitamin. In general, the vitamin G 
content was highest in the young plant, and decreased as the plant 
matured. The relation of the maturity of the plant to its vitamin G 
content is particularly evident in the case of alfalfa and timothy; 
clover, however, showed no such relation. Apparently, in the case 
of the clover the time elapsing between the two cuttings was not 
long enough to bring out any differences that may have existed be¬ 
tween the more and the less mature plants. It is of interest to note 
that clover and timothy may have as high a vitamin G content as 
alfalfa when the plants are harvested at corresponding stages of 
niatiirity. The comparative vitamin B and G content of alfalfa and 
timothy cut at the same time is readily seen in the case of the samples 
grown as mixed hay. 

Leaf-hopper injury to alfalfa apparently reduces its vitamin B 
content. Tliis reduction no doubt is brought about primarily by the 
loss of leaves. Exposure of alfalfa and clover to the weather (day 
and night) for 96 hours, more than one-half of which was sunshine, 
did not seem to affect the vitamin G content of the hay. Rain (0.68 
kich), on the contrary, lowered the vitamin G content of alfalfa by 
percent (see alfalfa (2), second cutting, table 1). 
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In table 2 an attempt is made to show the relationship between the 
protein and the vitamin B and G content of hays. It -iGll be observed 
that, in general, a high protein content is correlated with a high 
vitamin G content. It is well known that as the plant matm-es the 
proportion of leaves to the entire plant decreases and consequently 
the protein and the vitamin B and G decrease. Accordingly, any 
procedure or process that would reduce the leaf content of the hay, 
such as insect injury, excessive handhng, or late cutting, would 
lower the protein and vitamin content and also the quality of the hay. 


Table 2. —Proteirij crude fiberj and vitamins B and G in hays 


Sample and no.’ 

Date cut 

Crude 

fiber 

Protein 

Vitamin 
B units 
per gram 2 

Vitamin 
G units 
per gram 2 

Description of hay 



Percent 

Percent 




Alfalfa (2)-—.— 

/May 14,1931 

17.42 

22.32 

2.5 

13.0 

60 percent leaves. 

\June 10,1931 

30.02 

13.83 

l.S 

6.6 

40 percent leaves. 


May 31,1932 

25.27 

20.14 

2.2 

10-12 

Early bud. 


June 10,1932 

32.41 

17. GO 

2.0 

10.0 

Early bloom. 

Alfalfa (0. 

June 21,1932 

34.76 

15.59 1 

1.6 

6.6 

Late bloom. 

July 28,1932 

32.51 

12.91 

2.0 1 

6.6 j 

Second cutting, hopper 
injury. 


Sept. 10,1932 

23 .49 

19.92 

2.0 1 

13.0 

Third cutting. 

Clover (1). 

Clover (2)_ 

/June 10,1932 
\June 21,1932 
June 17,1933 

23.30 

15.67 

1 1.6 ! 

10.0 

Early bloom. 

28.73 

12.26 
12.13 

l.S 

i 10.0 

I 8 

6 . 0 

Late bloom. 

Sun-cured. 

Heads emerging. 


(June 12,1931 

23.79 

8.50 

.7-.8 


June 24,1931 

31.05 

7.25 1 

.6 

3-4 

Pull bloom. 

Timothy (3). 

-.’July 13,1931 


5.00 1 

.5 

2.5 

Brown (ripe) color. 

June 18,1932 

25.65 

6.65 1 

1.2 

3.3 

Early bloom. 


lJuly 1,1932 

26.97 

5.21 ! 

.6 

2-3 

Late bloom. 

Timothy from alfalfa 

June 8,1932 

23.80 

S.6G 1 

1.2 

5.0 

Grown as mixed bay. 

and timothy mixture. 



I 



Alfalfa from alfalfa and 

..._.do. 

25.95 

15.76 I 

1.6 

6.0 

Do. 

timothy mixture. 







Mixed alfalfa and tim¬ 
othy (about 50:50). 

.do. 

24.23 

10.20 

1.4 

i 

6 .C 

Do. 


I See footnote 1 to table 1. * Approximately. 


The correlation of protein and vitamin G content \rith greenness 
is only relative and varies with the amount of bleaching due to light, 
extent of insect injury (leaf hopper), and whether or not the plant is 
diseased. A similar greenness in alfalfa, clover, and timothy does not 
necessarily indicate the same vitamin G content. In general, however, 
the vitamin G values follow in the same order as the protein, leafiness, 
and greenness of the particular plant. 

CHICK EXPERIMENTS 

In order to obtain further data on the comparative value of vitamin 
G in different alfalfa and alfalfa-leaf meals, day-old chicks were used 
as the experimental animals. These experiments gave a ^ direct 
comparison of the value of the chick and rat methods of testing for 
vitamin G. 

White Leghorn chicks from the same parent stock were used. They 
were confined in pens equipped with hardware cloth floors, and fed a 
ration known to be deficient in vitamin G. Each lot contained 25 
chicks. The basal ration was composed of yellow corn, 58 percent; 
ground wheat, 20; wheat bran, 5; casein (Argentine), 12; steamed 
bone meal, 3; salt, 1; and cod-liver oil, 1 percent. The meals were 
incorporated in this ration in the amounts indicated in table 3. The 
casein and corn were so adjusted that the protein content was approxi¬ 
mately the same in all lots. The meals used represented composite 

17047—35-5 
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samples of tliree or more lots, with the exception of the Ohio leaf 
meals, which involved only one sample. The Ohio leaf-meal fed to 
lots lb and 11 (table 3) was prepared from sun-cured hay that had 
received 0.68 inch of rainfall while in the swath. Liver meal is con¬ 
sidered to be a very rich source of vitamin G and for that reason one- 
lot of chicks was fed 3 percent of this as a positive control. 

Table ^.—Effect of alfalfa, alfalfa-leaf, and liver meals on growth arid leg paralysis 

of chicks 




Meal 
con¬ 
sumed 
per 
chick 
in 8 
weeks 

Rat 

units of 
vita¬ 
min G 
per 
gram 
of 
meal 

Total 

rat 

imits of 
vita¬ 
min G 
con¬ 
sumed 
per 
chick 
in 8 
weeks 

Average 
weight per 
chick in 8 
weeks 

Leg paralysis 

Lot no. i Supplement 

Pro¬ 
tein in 
meal 

Total 1 

Recov¬ 
ered 2 

1 

Percent 

Gram 



Oram 

Percent 

Percent 






168.8-^4.8 

67.0 

0.0 

2.1 5 percent alfalfa meal L_> 

16.0 

. 

38.7 

8.0 

309.6 

278. S±14. 0 

68.0 

8.0 

3--..-.1 10 percent alfalfa meal L. 

16.0 

118.5 

8.0 

948.0 

466.8d=13.3 

29.0 

17.0 

4. i 5 percent alfalfa-leaf 








meal *.. 

‘ 20.25 

49.9 

13.0 

648.7 

3S4.6±15.2 

48.0 

12.0 

* 1 . 1 to percent alfalfa-leaf 

, 20.25 

130.6 

13.0 

1,697.8 

517.3rblL8 

.0 


' meal.3 






f3...! 5 percent alfalfa meal 

: 14.25 

35.6 

8.0 

284.8 

251.9d=11.3 

87.0 

35.0 

7. i 10 percent alfalfa meal L. 

1 14.25 

119.7 

8.0 

957.6 

454.9=hl5.0 

28.0 

16.0 

S .1 5 percent alfalfa-leaf 

j 20.56 

55.2 

13.0 

717.6 

43S.3±14.4 

48.0 

48.0 

' meal ^ 

9 .■ 10 percent alfalfa-leaf 

20.56 

132.4 

13.0 

1,721,2 

528.3=h9.9 

.0 


: meal ^ 





1 

1 


lU. ; 5 percent alfalfa-leaf 

20.31 

32. S 

5.0 

164.0 

240.6d=ll. 9 

1 S3.0 

33.0 

meal s (0.68 inches 








1 rain). 



i 





11 . ! 10 percent alfalfa-leaf 

i 20.31 

107.1 

5.0 

535.5 

397.9d=13.6 

; 36.0 

20,0 

; meal ^ (0.68 inches 



1 





: rain). 



1 


1 



12_ .. 3 percent dried pork liver, i _ 


t 



.0 


i i 

! 


j 602.9=hl2.3 




1 The figures in this column indicate the percentage of chicks that developed leg paralysis during the 
experiment. 

2 The fignres in this column indicate the percentage of chicks that recovered before the end of the experi¬ 
ment. 

® Meal from hays grown in Ohio. 

< Meal from hays grown in Colorado. 

It is evident from the data presented in table 3 that the growth of 
the chicks and the incidence of leg paralysis are directly correlated 
with the vitamin G content of the meals as determined with rats. 
Leaf meals having a higher protein and vitamin G content than 
straight meals caused greater growth and less incidence of leg paralysis 
than the regular meals of lower protein and vitamin G content. The 
poor growth and comparatively large percentage of leg paralysis in 
the case of lots 10 and 11, w'hich received 5 and 10 percent respec¬ 
tively of the leaf meal subjected to rain, suggest that a large part of 
the vitamin G was lost, and corroborate the results obtained with 
rata. The data also show that alfalfa meals and leaf meals of approx¬ 
imately the same vitamin G potency produce comparable responses 
in cMcks, whether the meals are produced in Ohio or in Colorado. 

A mcQB'd experiment was conducted partly to check the results of 
the first trial and partly to compare meals prepared from clover and 
timothy with those of mfalfa. The same basal ration and procedure 
used in the first test were employed. The meals were incorporated 
m the basal ration in amounts shown in table 4. The casein and corn 
were so adjusted that the total protein content of the rations in all lots 
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was comparable. The clover and timothy meals were prepared from 
single samples of hay, while the alfalfa meals represented composite 
samples of three or more lots. Twenty chicks were started in each 
lot. 

The results presented in table 4 show the ineffectiveness of 10 per¬ 
cent of the straight hay meals in preventing leg paralysis-substantiat¬ 
ing the results obtained in the first experiment. Although the results 
show some variation between different meals, the data in general 
reveal a close correlation between the response in growth and inci¬ 
dence of leg paralysis and the vitamin G content of the meals as 
determined on rats. Clover meal gave results comparable to alfalfa 
meals of the same vitamin G potency but a higher protein content. 
The results obtained with the timothy meals also compare favorably 
with those of alfalfa w'hen the vita m i n G content of the meals is con¬ 
sidered. As in the previous experiment, there was no difference in 
the results with the Ohio and Colorado meals when compared on the 
same vitamin G basis. 


Table 4 .—Efect of alfalfa, clover, timothy, and liver meals on growth and kg paralg- 

sis of chicles 





Meal 
con¬ 
sumed 
per 
chick 
in 8 
weeks 

Rat 

Total 

rat 

units of 
vita¬ 
min G 
con¬ 
sumed 
per 
chick 
in S 
weeks 


Leg paralysis 

Lot no. 

Supplement 

Pro¬ 
tein in 
meal 

units of 
vita¬ 
min G 
per 
gram 
of 
meal 

Average 
weight per 
chick in S 
weeks 

! 

m i , 1 Recov- 
ered: 

1 

1 . 

None. ... 

i Percent 

Gram 



Gram 

176.0d=5.3 

Percent I Percent 
i 95.0 1 15.0 

2 

5 percent clover 3_ 

1 ii. 54 

38.0 

^ 8.0 

304.0 

243.0=hl2.3 

85.0 ! 

35.0 

3. 

10 percent clover 3_ 

I 11.54 

: 125.7 

8.0 

1,005.6 

194.5 

453.5±20.2 

15.5 ’ 

0.0 

4. 

5 percent timothy * . 

7.63 

38.9 

5.0 

261.8=b9.0 

65.0 1 

6.0 

5. 

id percent timothy ^ . 

7.63 

100.2 

5.0 

501.0 

345.5±U.8 

70.0 1 

45.0 

6 . 

10 percent timothy ° - 

5.62 

92.3 

3.0 

276.9 

314.0±10.6 

70.0 : 

25.0 

7 

5 percent alfalfa meal ‘L _ 

12.25 

48.2 

8.0 

385.6 

306.0±11.1 

80.0 ; 

35.0 

8 . 

10 percent alfalfa meal«. 

12.25 

110.8 

8.0 

886.4 

389.8±13.2 

40.0 1 

5.0 

9.. 

10 percent alfalfa meal L. 

14.25 

101.1 

6.6 

667.2 

368.7dbll.9 

45.0 

35. 0 

10 ._.. 

5 percent alfalfa meal L. 

15.56 

49.6 

8.0 

396.8 

325.9±11.1 

55.0 i 

25.0 

11 .. 

12 .. 

10 percent alfalfa meal L. 
3 percent dried pork liver. 

15.56 

125.7 

8.0 

1,005.6 

430.0±20.2 
612. 6±9.1 

20.0 

5.0 

10.0 

5.0 


1 The figures in this column indicate the percentage of chicks that developed leg paralysis during the 
experiment. 

2 The figures in this column indicate the percentage of chicks that recovered before the end of the experi¬ 
ment. 

3 See table 1. Clover cut June 17; 96 hours exposure. 

^ Timothy cut Jime 9 (heads emerging). Cured in sun. * 

5 Cut in late-bloom stage. 

Meal from hays grown in Colorado. 

" Meal from hays grown in Ohio. 


The data in tables 3 and 4 show a close correlation between the 
total consumption of vitamin G and the weight of the chick and 
incidence of leg paralysis. The figures in the column showing the 
total consumption do not include the vitamin G content of the basal 
ration. 

The data obtained by the method used in this investigation appear 
to show that 10 percent of an alfalfa-leaf meal containing 13 rat units 
of vitamin G per gram is necessary to induce good growth and prevent 
the occurrence of leg paralysis. 
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SUMMARY AND CONCLUSIONS 

.Ufalfa, clover, and timothy hays cut at different times and cured 
under different conditions were tested for vitamin B and G with rats 
as the experimental animals. The results show that these hays 
contain significantly more vitamin G than vitamin B. The vitamin 
B and vitamin G content of the hays decreased as the plant matured 
and, in general, were correlated with the leafiness, greenness, and 
protein content of the plant. 

The exposure of alfalfa to the weather (day and night) for 96 
hours—over half of which was sunshine—without rain, did not affect 
the vitamin G content. Rain (0.68 inch), on the contrary, removed 
as much as 50 percent of this vitamin. 

Timothy and clover cut early may have as high a vitamin G content 
as alfalfa cut later, and with a much greener color. 

The method of testing for vitamin G by_growth and incidence of leg 
paralysis in chicks compared favorably wuth the rat-assay method. 

Ten percent of an alfalfa leaf meal containing 13 rat units of vitamin 
G per gram was required to induce good growth in chicks and prevent 
the occurrence of leg paralysis. 
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THE INFLUENCE OF CERTAIN DIETARY CONSTITUENTS 
ON THE RESPONSE OF RATS TO GOSSYPOL INGESTION ^ 

By Willis D. Gallup, assislanl chemist, and Ruth Rbdeh, associate chemist. 

Department of Agricultural Chemistry Research, Oklahoma Agricultural Experi¬ 
ment Station. 

INTRODUCTION 

Chemical methods for the quantitative determination of gossvpol 
in cottonseed products are based upon the formation of an insoluble 
compound of gossypol with aniline. In the determination of the 
gossvpol content of raw cottonseeds, the gossypol and oil are extracted 
from the seeds with diethyl ether. After evaporation of the ether, 
the residue is taken up with petroleum ether and the gossypol is pre¬ 
cipitated with anihne. A positive correlation between the toxicity 
of raw cottonseeds and their gossypol content has been estabhshed 
by the use of this method {10) r 

It has not been possible to establish a similar correlation between 
the gossypol content and the toxicity of heated cottonseeds or cotton¬ 
seed meal, principally for two reasons; (1) Only a small portion of the 
gossypol can be extracted from heated seeds or the meal with the 
usual fat solvents, and (2) the insoluble portion (so-cahed D-gossypol 
or bound gossypol) which may be extracted with hot aniline is of 
questionable toxicity (4). It has been necessary, therefore, in investi¬ 
gating the gosvsypol content of these heated cottonseed products' to 
resort to biological methods of assay and from the results so obtained 
to approximate the amount of physiologically active gossypol which 
they contain. 

In a preliminary study of various methods of biological assay the 
response of rats to gossypol was found to vary widely depending on 
the method of administration of the substance (per os and intrapeii- 
toneally) and apparently on the nutritive condition of the animals. 
The most promising method of assay and one of general application 
was based upon a comparison of the growdh rate of rats on diets con¬ 
taining the product under investigation with that of rats on diets of 
known gossypol content. Later studies revealed that rats were 
unusually susceptible to gossypol injmy while on diets low in vitamin 
A (d), and in view of the instability of gossypol and its detoxication 
by soluble iron salts (5) there was reason to believe that the effect 
of the substance on growth might vary with the nature of the diet 
in which it was incorporated. 

The primary purpose of the present study was to determine what 
eflhct alterations in the basal diet might have upon the growth re¬ 
sponse of rats to gossypol ingestion. Such infoi'ination was of par¬ 
ticular importance in formulating a standard procedure of biological 
assay. A second purpose, possibly of greater practical importance, 
was to determine whether certain dietary supplements might act 
similarly to iron salts in effecting a partial if not complete detoxication 
of gossypol. 
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METHODS AND EXPERIMENTAL DATA 

EXPERIMENTS WITH DIETS OF VARYING PROTEIN CONTENT 

The possibility that the deleterious effects of gossypol might be 
lessened or increased in diets of high protein content was considered 
first. Accordingly, experimental diets in which the protein was pro¬ 
gressively increased from approximately 13 percent to 51 percent 
\\QTB prepared by replacing starch with appropriate amounts of 
casein. Gossypol was incorporated in the diets by including 15 per¬ 
cent of cottonseeds containing 0.35 percent gossypol. From previous 
studies it was calculated that this amount of gossypol would not be 
lethal but would allow the majority of the rats to make slow growth. 
The percentage composition of the diet of lowest protein content was: 
Casein 7.4, starch 60.6, Crisco 5.0, salts 3.5, yeast 5.0, cod-liver oil 
3.5, and raw cottonseeds 15. The casein was increased to 22, 35, 
and 51 percent in the diets of higher-protein content. 

Control diets of corresponding protein content were prepared in 
the same way, cottonseeds from which the gossypol had been extracted 
with ether being used. The oil so removed from the seeds was re¬ 
placed by an equivalent amount of refined cottonseed oil. The only 
important difference betw’een the control and the experimental diets 
so prepared was in their gossypol content. Because of the unstable 
nature of gossypol, it was deemed necessary to prepare new diets 
from freshly ground seeds each week. 

Young rats weighing between 50 and 60 g which had made uniform 
growth over a period of a week or 10 days w^'ere divided according to 
Titter origin and sex between the gossypol and the control diets. 
Precautions wrere taken in selecting the rats to obtain uniform animals 
and to reduce to a minimum variation in their growth which might be 
attributed to inheritance or previous nutritional state. For the most 
part they represented the second, third, and fourth litters of a se¬ 
lected group of healthy females which had been reared and bred for 
the investigation. They were housed in small individual cages with 
raised screen bottoms set over circles of paper fitted in the bottom of 
granite pans. Food was supplied in weighed amounts in feed cups 
especially constructed to reduce waste. Daily records were kept of 
the food intake. 

As the experiment progressed it was found necessary, because of 
idiosyncrasies showm by a few animals, to discontinue those rats which 
at the end of 30 days failed to establish a gain of 30 g. Such animals 
usually succumbed to the effects of gossypol or lost weight during the 
next few weeks. Otherwise, the animals were contained on the experi¬ 
mental and control diets for a period of from 60 to 90 days. The re¬ 
sults are presented in table L The figures for food consumption and 
gains in weight are average values obtained with an equal number of 
males and females. 

From the results given in table 1, it is apparent that an increase in 
the protein content of the diet from 13 to 35 percent resulted in an 
improyed rate of growth of the animals on both the gossypol and con- 
troi diets. A further increase of protein to 51 percent proved less 
effective for growth of the controls, although on this high level of 
protein the growth rate of the animals receiving gossypol remained 
approximately the same ^ that of those on 35 percent of protein. It 
is also signifi,cant that with a diet containing 35 percent of protein a 
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large percentage of the animals on the gossvpol diets were able to 
establish the required gain of 30 g during the first 30 davs. 

It will be observed in table 1 that on each level of protein the ani¬ 
mals receiving gossypol consumed less food than did the correspond¬ 
ing controls, although their food intake increased as the amount of 
protein m the diet was increased to 35 percent. A decrease in food 
intake is a characteristic effect of gossypol and is attributed not so 
much to the taste of the compound as to its physiological effect. 

To eliminate the effect upon growth resulting from differences in 
the food intake of the experimental and control rats, the same diets 
were employed in paired-feeding experiments in which the daily food 
intake of the animals on the control diet was limited to that of the 
animals receiving gossypol. The differences in the gains in weight 
made by the experimental and control animals in each pair in these 
experiments are, therefore, to be attributed to the effect of gossypol 
and are unrelated to the plane of nutrition. The results are presented 
in table 2. 


Table 1. —Effect of gossypol in the diet on growth of rats, as influenced by the 
protein content of the diet when the animals were permitted to eat ad libitum 


Approximate percentage of pro¬ 
tein in diet 


13. 

26. 

35. 

51. 


Gossypol 
content of 
diet 

Bats 
started 
on exper¬ 
iment 

Bats con¬ 
tinued on 
experi¬ 
ment 

Average 
food con¬ 
sumed in 60 
days 

Average 
gain in 
weight in 60 
days 

Percent 

Number 

Number 

Grams 

Grams 

/ 0.05 

14 

10 

413 

69 

1 0 1 

7 

7 

632 

133 

/ .05 

13 

10 

i 485 

96 

1 0 

8 

7 

663 

162 

/ .05 

11 

9 

497 

no 

\ 0 

5 

5 

712 , 

170 

r .05 

13 

10 

433 

108 

1 0 

1 

7 


570 * 

150 

1 


Difference 
in gains in 
weight! 


Grams 

} 

I 56 

} 

} 


! In favor of the rats receiving the gossypol-free diet. 

2 Control, no gossypol. 

Table 2. —Effect of gossypol in the diet on growth of ratSj as influenced by the 
protein content of the diet when the animals were on paired-feeding tests 


o 

'S 

Ph 

Protein content 
of diet 

Gossypol in diet 

Duration of ex¬ 
periment 

Total food con¬ 
sumed 

Total gain in 
weight 

Difference i n 
gain between 
pair mates » 

§ { 
.u 

‘3 

i 

Protein content 
of diet 

Gossypol in diet 

Duration of ex¬ 
periment 

Total food con¬ 
sumed 

Total gain in 
weight 

.2 

! te- M 

, ^ CO 

1 g da 

2 

S boa 
q 


Pet. 


Days 

Grams 

Grams 



1 


1 

1 

1 

1 

i 


1 

13 

/Yes-. 

60 

418 

77 

\ 

9M.-.i 

1 35 

/Yes... 

! 90 i 

924 : 

f 202 




iNo— 

60 

422 


f 



INo— . 

1 90 ! 

I 920 1 

i 209 

/ 

2F . 1 

13 

/Yes-. 

60 I 

535 

78 

1 26 

10 F-- 

t 35 1 

fYes— -i 

' 90 i 

796 

172 

1 15 



\No..- 

60 1 

536 

104 

f 



\No—. 

! 90 1 

: 798 

187 


3M--..i 

13 

/Yes... 

60 ! 

432 

62 

\ 32 

IIM... 

35 

/Yes... 

' 90 1 

826 

' 205 ^ 

1 ^ 



INo— 

60 ! 

433 

94 

/ 



\No-- 

i 90 

827 

i 210 : 

1 

4 F. 

13 1 

/Yes— 

60 

376 

57 

1 

12M.». 

35 

/Yes... 

‘ 90 1 

873 

' 183 i 

1 1" 



\No— 

60 

377 

69 

r 



INo— 

m 

872 

200 

f 

5M.... 

26 

/Yes— 

90 

898 

155 

1 30 

13 F--i 

51 

/Yes— 

60 

392 

93 1 

1 1^ 



\No— 

90 

898 

185 

r 

1 


\No— 

60 

393 

i 107 1 

1 

6F . 

26 1 

/Yes... 

90 

670 

95 

1 13 

14 Al¬ 

51 

/Yes— 

60 

536 

157 1 

1 16 



\No— 

: 90 

665 

108 

f 



INo— 

: 60 

535 

173 i 

J 


26 

/Yes... 

90 

723 

154 

\ 39 

ls P—. 

51 

/Yes.- 

60 

: 386 

72 ! 

i 27 



\No— 

90 

714 

193 

/ 



\No— 

60 

; 387 


J 

8F . 

26 

/Yes... 

90 

623 

113 

\ 24 

16 M-- 

51 

i/Yes.— 

60 

1 503 

142 

1 6 



\No.— 

90 

624 

137 

I 



,\No— 

60 

1 502 

i 148 

r 


! Letter following number indicates sex of animals. 
2 In favor of the rat receiving the gossypol-free diet. 
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A comparison of the difference in gains in weight between pair 
mates on the diets of high and low protein content as shown m table 2 
affords further evidence of the beneficial effect of a relatively high 
percentage of protein in diets containing gossypoL Upon a diet con¬ 
taining 35 percent of protein, animals receiving gossypol were able to 
approximate the gains in weight made by their litter mates on the 
control diet. At the end of 60 days the average gain in weight made 
by the male rats on the gossypol diet containing 35 percent of protein 
was 169 g. As in the "preceding experiments, the diets containing 
51 percent of protein were less favorable to growth than those con¬ 
taining 35 percent. 

Tlierse results suggest the possible detoxication of gossypol by pro¬ 
tein. Detoxication of gossypol by iron salts is believed to be due to 
the formation of an iron-gossypol complex which escapes digestion, 
and it is possible that protein or its degradation products detoxicates 
gossypol in a similar way. Support for this idea is found in the results 
of digestion studies carried out in vitro by Jones and Waterman (7), 
who "found that the peptic and tryptic digestion of protein was in¬ 
hibited by gossypol. Schwartze and Alsberg {11) observed that the 
addition of gossypol to the diet of cats resulted in an increased fecal 
nitrogen. It has also been suggested that a combination of gossypol 
with protein accounts for the insoluble condition of gossypol in cotton¬ 
seed meal 12). None of the evidence so far obtained, however, 
has been sufficiently conclusive to settle the point. It may^ be that 
in the present experiment the increased grow-th obtained with diets 
coTitaining 35 percent of protein was due largely to the increased 
nutritive value of the diets. Nevertheless, considerable importance 
is attached to these results since they suggest a relationship between 
protein intake and gossypol injury and explain in part the observa¬ 
tions of Clark (3), who found that increasing the casein content of 
cottonseed-meal diets resulted in an increased rate of gro'wth.^ 


EXPERIMENTS WITH DIETS OF VARYING PAT AND LACTOSE CONTENT 


In view of the favorable results obtained with diets of high protein 
content, it appeared possible that alterations in the amount of other 
dietar,T constituents might likewdse prove beneficial. 

To determine the effect of altering the fat content of the diet, 
experimental diets 23, 11, and 22, containing 15 percent of cotton¬ 
seeds and having a fat content of approximately 7, 12, and 22 percent, 
respectively, and control diets 11a and 22a, containing 12 and 22 
percent of fat, were employed. These diets were fed to groups of 
rats selected in the manner described in the first experiment. The 
composition of the diets is given in table 3. 

The results of the experiments, which are given in table 4, indicate 
that a slight improvement in growTh is made possible by the inclusion 
of a large amount of fat in the diet of animals receiving gossypol. 
The differences in gain in weight between the gossypol and control 
rats on the liigh-fat diet and between similar groups of rats on the 
medium-fat diet "were 51 and 56 g, respectively. The differences 
between the average gains made by the rats on the low- and high-fat 
diets containing gossypol were not considered sufficiently significant, 
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however, to justify further experimentation with diets of variable fat 
content. As might be expected, the amount of food required per 
gi-am of gain in body weight markedly decreased as the fat content 
of the diet was increased. 

It has been demonstrated that lactose is responsible for a change in 
intestinal absorption, due possibly to the maintenance of an acid 
reaction in the intestinal tract ( 1 ). The insolubihty of gossypol in 
weak acid_ suggested the possibility that the addition of lactose to a 
diet containing gossypol might prove beneficial. Gossypol and con¬ 
trol diets containing 20 and 35 percent of lactose were, therefore, 
employed. Unsatisfactory results were obtained with the higher per¬ 
centage of lactose due to the development of diarrhea. The results 
obtained with 20 percent of lactose in gossypol diet 46 and in con¬ 
trol diet 46a are given in table 4. From these results it is evident 
that the addition of lactose not ordy failed to improve the growth 
rate of animals receiving gossypol, but produced a decrease in the 
growth rate of the control animals. 


Table 3. —Composition of diets used ' 


Composition 2 of diet no.— 


of diets 

23 

11 

22 

40 3 

46 3 

26 

28 

Components: 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Raw cottonseeds. 

15.0 

15.0 

15.0 

10.0 

10.0 

15.0 

15.0 

Starch. 

50.7 

45.7 

35.7 

49.0 

29.0 

44.1 

42.7 

Casein.- 

22.3 

22.3 

22.3 

24.0 

24.0 

22.3 

22 3 

Yeast.. 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

Cod-liver oil.. 

3.5 

3.5 

3.5 

3.5 

8.5 

3.5 

3.5 

Salt mixture ^. 

3.5 

3. 5 

3.5 


3.5 


3.5 

Crisco-.-. 


5.0 

15.0 

5.0 

5.0 

5.0 

5.0 

Lactose... 





20.0 



Acid salt mixture s... 






3.0 


Calcium chloride_ 






1.1 


Calcium carbonate. 


. 




1.0 

2.0 

Sodium bicarbonate _ 







1.0 

Constituents: 








Gossypol. 

.053 

.053 

.053 

.060 

.CW50 

. 053 

.053 

Calcium. 

.430 

.430 

.430 

.428 1 

.428 

1.225 

1.230 


1 For each experimental diet made up with raw cottonseeds containing gossypol, a control diet of like 
composition w’^as made up with gossypol-free seeds. These latter diets are designated in the text and table 
4 by the letter a following the number of the diet. 

2 The potential acidity of diets 23,11, 22, 40, and 46 was equivalent to 170 to 190 cc of N/IO alkali. The 
potential acidity of diet 26 was equivalent to 447 cc of N/IO alkali. The potential basicity of diet 2S was 
equivalent to 349 cc of N/10 acid. 

3 The gossypol content of the raw seeds used in diets 40 and 46 was 0.60 percent. 

4 McCollum’s salt mixture no. 185 (8), 

s The same as McCollum’s salt mixture no. 185 except that the calcium lactate (1.30 g) called for in this 
mixture was replaced by 0.650 g of calcimn chloride. 


Table 4. —Effect of gossypol on growth of rats as influenced hy the fat and lactose 
content and the reaction of the diet when the animals were permitted to eat ad 
libitum _ 


Diet no. 

Character of diet 

Gossj-pol 
in diet 

Rats 
started 
on exper¬ 
iment 

Rats 

continued 
on exper¬ 
iment 

Average 
food con¬ 
sumed in 
60 days 

Average 
gain in 
weight 
in 60 
days 

Differ¬ 
ence in 
gain in 
weight^ 

23 _ 


Yes _ 

dumber 

0 

Number 

5 

Grams 

426 

Grams 

97 


11 . 


Yes . 

13 

10 

485 

96 

J 56 

11 a 2 .. . 


No-_ . 

8 

7 

663 

152 

22 . j 

High fat ___ 

Yes .- 

12 1 

9 

' 393 ^ 

104 1 

- 

22 a 2 __ 

do . 

No . 

9 i 

9 

1 446 i 

155 j 

46 _ 

20 percent iactnse _ _. 

Yes . 

s! 

7 

417 : 

SI i 

} 44 

46a 2 . 

(in ___ 

No . 

6 i 

6 

728 i 

125 

40 . 

No lactose _ i 

Yes .— 

21 1 

17 1 

468 

85 

} 75 

40a 2 . 

._.do. 1 

No. 

' 6 i 

: S i 

629 1 

160 

26. 

Acidic_ 

Yes_ 

11 ! 

7 ! 

415 i 

101 

} 

26a 2 .. . . 

_do_ 

No_ 

11 i 

10 j 

500 j 

125 

28. 

Basic_ 

Yes. 

10 i 

9 i 

503 : 

128 

} 33 

28a 2 . 


No_ 

6 * 


636 1 

161 


1 In favor of the rat receiving the gossypol-free diet. 2 Control diet; see footnote 1, table 3. 
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EXPERIMENTS WITH ACIDIC AND BASIC DIETS 

To detemiiiie tlie possible influence of potentially acidic and basic 
diets on the growth response of rats to gossypol ingestion, calcium 
chloride and calcium carbonate were added in amounts calculated to 
yield diets of equal calcium content but of a definitely acid reaction 
ill the one case and alkaline in the other. The amount of calcium 
chloride used in the first diets tested was too large to permit any of 
the animals to make consistent gains. The diets rapidly developed 
a rancid odor and it was found necessary to replace a part of the 
chloride with an amount of calcium carbonate which would reduce 
the acidity and yet maintain the calcium content of the diet at the 
desired level. Rancidity was prevented in these diets by withholding 
the acid salt mixture from the bulk of the diet and intimately mixing 
it vith each day’s supply. The composition of the acidic and basic 
diets which were finally used and which were found to give the most 
consistent results is presented in table 3 as diets 26 and 28. 

An inspection of the results in table 4 reveals that although the 
diets made acid by the addition of calcium chloride allowed a majority 
of the rats on gossypol to make a slight improvement in growth rate 
they actually proved detrimental to the growth of the control ani¬ 
mals. Were it not for the fact that of the 11 animals started on the 
acidic gossypol diet, 4 were unable to grow during the first 30 days 
of the experiment, potentially acid diets high in calcium might be 
considered favorable to the detoxication of gossypol. For example, 
the control rats on diet 26a made an average gain of only 125 g in 
60 days, which was 27 g less than that established by other controls 
on a similar diet containing less potential acid (diet 11a). However, 
the gossypol rats on diet 26 made an average gain of 101 g, w^hich 
was only 24 g less than that made by their controls and 5 g more than 
that made by rats on a gossypol diet of the same composition exclusive 
of the acid salt (diet 11). 

On the other hand, the use of an alkaline diet prepared by the in¬ 
clusion of 2 percent of calcium carbonate and 1 percent of sodium 
bicarbonate (diets 28 and 28a) and having the same calcium content 
as the acidic diets effected a marked improvement in the growth rate 
of the rats receiving gossypol and a slight improvement in the growth 
of their controls. The food intake of gossypol and control animals 
was increased as a result of this alteration in the diet and it is to be 
noted that these alkaline diets promoted greater gains and allow^ed a 
larger percentage of the animals to survive the experiment than had 
been possible with any of the previous diets employed. In this diet¬ 
ary series the growth rate of the gossypol animals more closely ap¬ 
proached that of the controls than was true in any of the other series 
w’ith but one exception, that being the acid series, in which the con¬ 
trols made unusually small gains. Of the 10 rats started on the 
alkaline gossypol diet, 9 finished the experiment with an average gain 
of 128 g, which was only 33 g less than the average gain made by 
their controls and 32 g more than that made by rats on a similar diet 
(diet 11) iinsupplemented with the basic salts. 

As previously pointed out, precautions had been taken to preserve 
the integrity of the gossypol molecule in preparing the various diets. 
Seeds of known gossypol content were used instead of a purified prep¬ 
aration of the isolated substance and fresh diets w^ere frequently pi'e- 
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pared. It does not seem likely that destruction of gossypol by its 
contact with alkali or other reactive constituents in the diet occurred 
previous to ingestion. Kather, the results lead to the opinion that 
calcium salts are favorable to the detoxication of gossypol in the 
animal organism and are particularly effective in the presence of 
excess base. The possible relationship between calcium metabolism 
and susceptibility to gossypol injury has been alluded to in an earlier 
paper (6). Further evidence in support of this opinion has been 
obtained in experiments carried out in vitro in which gossypol, when 
dissolved in oil and suspended in a buffered alkaline solution, was 
precipitated upon the addition of a soluble calcium salt. The sta¬ 
bility of this calcium complex has not been determined. 

SUMMARY AND CONCLUSIONS 

The necessity of using biological methods of assay for the deter¬ 
mination of physiologically active gossypol in certain cottonseed prod¬ 
ucts prompted a study of dietary factors which influence the response 
of rats to gossypol ingestion. Accordingly, experimental diets con¬ 
taining a known percentage of gossypol were varied in their content 
of protein, fat, carbohydrate (lactose), and calcium and in their po¬ 
tential acidity and alkalinity. For each of these alterations made in 
the gossypol diets, a similar alteration was made in a control gossypol- 
free diet. The criterion used to judge the effectiveness of a dikary 
alteration in modifying the deleterious effect of gossypol was that the 
effect so produced be more apparent in the performance of the rats 
on gossypol diets than in their controls. 

The results of ad libitum and paired feeding experiments with 
diets of variable protein content (13 to 51 percent) indicated that a 
high protein intake was favorable to the detoxication of gossypol. 
The effect of high fat diets was questionable. Lactose when fed at 
a 20-percent level proved to be detrimental to the growth of normal 
rats; its effect on the gossypol rats was slight. Acidic diets high in 
calcium (1.2 percent) were likewuse detrimental to the growth of 
normal rats and only slightly influenced the growTh of rats which 
received gossypol and survived the experiment. Alkaline diets high 
in calcium (1.2 percent) proved to be superior to any of the others 
in allowing the rats on gossypol to approximate a normal growth rate. 

On the basis of these results the conclusion is reached that calcium 
salts in the presence of excess base are especially favorable to the 
detoxication of gossypol in the animal organism. Indirect evidence 
of a chemical reaction between calcium and gossypol is offered in 
support of this conclusion. 

The recommendation is made that in the biological assay of gossy¬ 
pol, a basal diet be employed which is potentially slightly acid pd 
contains only that amount of calcium and protein which is compatible 
with maintenance and moderate growth. It is tentatively suggested 
that in feeding cottonseed products to secure rapid growth the ration 
should contain a reasonable excess of the base-forming elements, 
particularly calcium, and liberal amounts of protein. 
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STUDIES ON THE NICOTINE CONTENT OF CIGARETTE 

SMOKE 1 

By C. O. Jensen, instrvctor in agricultural mid biological chemistry, and D. E. 
Halet, professor of soil chemistry and phytochemistry, Pemisylvania Agriculiiiral 
Experiment Station 

INTRODUCTION 

Nicotine has been praised and condemned ever since it was first 
isolated from tobacco by Posselt and Reimann as cited by Pictet 
(19a, p. 159Y in 1828. Both praise and condemnation have had httle 
factual basis, however, for the physiological action of nicotine in 
tobacco smoke is still a controversial subject. Before investigators 
can establish the effect of inhaling nicotine in smoke, they must know 
how much of the alkaloid is present. Many conflicting statements 
are found on this subject. 

A review oi the literature shows that several factors may cause a 
fluctuation in the nicotine content of tobacco smoke, among which 
are the moisture content of the tobacco, the rate of smoking, the 
quantity left unburned, and the nicotine content of the tobaccoltself. 

In order to study these factors a satisfactory method for the 
determination of nicotine in smoke must be employed. The existing 
methods were therefore reviewed. 

METHODS FOR DETERMINING NICOTINE IN TOBACCO AND 
TOBACCO SMOKE 

A method for the determination of nicotine in tobacco smoke must 
have two particular qualifications. As in the case of tobacco itself, 
the method must not include the estimation of ammonia, pyridine 
and its derivatives, or other basic substances as nicotine. It is 
particularly important that ammonia be separated quantitatively 
from the nicotine, as shown by the data of Haley, Jensen, and Olson 
(S) ^ on cigar smoke. In fact, the ammonia content of smoke equals 
or exceeds the nicotine content in some cases.® Schaarschmidt (20) 
has shown that pyridine is present in much smaller amounts. 

A second qualification which the method must have is the ability 
to measure accurately small amoxmts of nicotine. 

Picric acid reacts with nicotine to give the yeUow amorphous 
dipicrate xvhich gradually changes to the crystalfine form. Pfyl and 
Schmitt (19) have used this reaction as the basis of a method for the 
determination of nicotine. This method with modifications xvas used 
by several German investigators (2, 6j 12,18, 26), in the analysis of 
both tobacco and tobacco smoke. Pfyl and Schmitt state that the 
picric acid method is excellent for the determination of nicotine in 
tobacco smoke because ammonia, pyridine, and other bases do not 
interfere. But Koperina (12) states that nitrogen compounds do 

1 Received for publication Dec. 6, 1934; issued September 1935. Submitted in partial fulfillment of tbe 
requireinents for the degree of doctor of philosophy; published as technical paper No. 654 of the Pennsyl¬ 
vania Agricultural Experiment Station. 
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interfere in this detenniiiation. In a comparison of ‘the Pfyl and 
Sclimitt method (19) vdtlx Baggesgaard-Easmussen’s silicotungstic 
acid method (1), Heiduschka and Muth (9) showed that the two 
methods gave practically identical results. 

At the" present time Chapin’s silicotungstic acid method (7) or 
modifications of it are widely used for nicotine determinations (5, 25, 
I,, 11, 16, 22, 23), 

Any method in which silicotungstic acid is used as the precipitating 
agent solves the question of ammonia separation because ammonium 
silicotungstate is soluble in water (7). Pyridine is more likely to 
iiiterfere in the precipitation of nicotine (7, 14,17), However, Mach 
and Sindlinger [14) state that nicotine can be separated from pyridine 
ill cold 0.5 percent hydrochloric acid solution, if the solution is made 
so dilute that no pyridine is precipitated. In this case only a veiy 
small amount of nicotine escapes precipitation. Baumberger (5) has 
stated that the nicotine content of smoke can be determined by 
Chapin’s method without pyridine interference. Wenusch {25) used 
this method on cigar smoke and found that the results obtained were 
too high. On diluting the solutions to 10 times their original volume 
before precipitation, the results were the same as those obtained on 
the poiarimeter. It was possible for Wenusch to determine nicotine 
by the polariscope for he used the smoke from 25 cigars for one deter¬ 
mination. 

Because of the possible erroneous results that might be obtained 
if too much pyridine is present, a series of determinations were made 
to find the concentration at which pyridine does not interfere with 
the preceipitation of nicotine in dilute solutions. 

Samples containing nicotine and added amounts of pyridine were 
treated as outlined by Chapin (7). One hundred cubic centimeters 
of a solution of nicotine and pyridine was placed in a Kjeldahl flask, 
made alkaline with sodium hydroxide, and steam-distilled. The 
solutions obtained were made up to 500 cc, and four lOO-cc aliquots 
were taken. The first aliquot was not diluted but the other three were 
diluted 1-1, 1-2, and 1-3 with distilled water, acidified mth HCl, 
before precipitation with 5 cc of 12 percent silicotungstic acid. The 
precipitates were filtered through weighed Gooch crucibles, dried for 
3 hours at 125*^ C., and weighed. The results are given in table 1. 


T-\ble !,•—Determination of nicotine as influenced by various concentrations of 

pyridine 


Solution analyzed | 

i 

i 

Volume 
of solu¬ 
tion pre¬ 
cipitated 

I 

Dilution 

1 

i Concen¬ 
tration 
[ of added 
pyridine 

Concen¬ 
tration 
of nico¬ 
tine 

1 Weight 
of pre- 
1 cipitate 

Nicotine 
calcu¬ 
lated on 
basis of 
original 
sample 

1 

g nieotlae in IW cc, no pyridine_! 

C.GSI'g flieotine and 0.20 pyridine in liKi'Ce. 

QM g nieotlae and O.O@0 g p5Tidine in 

......; 

1 

'' ... i 

cc 

100 ' 
100 
200 ’ 
300 
500 
100 1 
200 
300 i 

m 
100 
200 i 

300 1 

i 500 

i None. 

1 None, 
i 1-1 

i 1-2 

i 1-4 

1 None. 

[ iU 

1-2 
■ 1-4 
None. 

1-1 

1-2 

1-4 

Percent 

0 

0 i 

0 

0 : 

0 

.04 

1 .02 
.013 
.008 
.12 
.06 
.04 
.024 

Percent 

0.012 

.012 

.006 

.004 

.002 

.002 

.006 

.004 

.002 

.012 

.006 

1 .004 

.002 ! 

Grams ' 
0-1164 
.1168 
.1141 i 
. 1105 
.1070 i 
.1649 1 
. 1188 
.1104 ! 
.1075 1 
. 5666 
.3014 ; 
. 1649 ! 
. 1052 

Percent 

0.059 
.059 
.058 
.056 
.054 
.083 
.060 
.056 
.054 
.286 
.153 
.083 
.053 
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These results show that in solutions containing less than 0.02 
percent of pyridine, there is little interference in the estimation of 
nicotine. However, it is also e\ddent that as the solutions are diluted 
a small amount of nicotine escapes precipitation. In order, therefore, 
to be certain that pyridine does not interfere with the determination 
of nicotine, the solutions must be diluted by trial until there is no 
sharp drop in the weight of the precipitate. 

Solutions obtained from the absorption of cigarette smoke were 
so treated, and there was no significant difference between the weight 
of the precipitates from the diluted and the undiluted samples. This 
agrees with the results of Baumberger {S) and Schaarschniidt and 
his coworkers {20). Furthermore, after 18 hours the precipitates 
were crystalhne and settled out rapidly after stirring, which is not the 
case when more than 0.02 percent of pyridine is present. 

Since ammonia did not interfere with the results of Chapin’s 
silicotungstic acid method (7) and pyridine did not interfere under 
the conditions of the writers ' tests with rather dilute smoke solutions, 
this method was used for the present work. 

APPARATUS AND PROCEDURE 

The machine shown in figure 1 was devised to smoke cigars, cigarettes 
or pipes with a constant length and strength of puff at the same 
intervals. 

The cigarette a is held in a small calcium chloride tube h and the 
smoke is absorbed in the gas-absorption tubes c, d, e, and /. The 
pump creates a partial vacuum in the flask and this piifls the 
cigarette whenever the slowly rotating valve h is open. 

The reducing gear g is connected by a short piece of garden hose to 
the valve h. The reducing gear is turned by a synchronous motor i. 
In order to prevent an increase of the vacuum in j as measured by the 
water manometer m, air is allowrod to bubble through I into the bottle 
k which contains oil. The amount of vacuum can be regulated by 
the height of the oil in k and also partly by the valve n. The calcium 
chloride tower o is used to prevent water vapor from entering the 
pump p. 

Cigarettes were stored for at least 2 weeks in containers of known 
humidity so that the moisture content could be controlled. Five 
cigarettes were weighed to the nearest hundredth of a gram and 
smoked with a “puff" 1.6 seconds long with an interval of 6.1 seconds 
between pufts. The difference between atmospheric pressure and the 
pressure in the vacuum bottle was 15.25 inches of water, unless other¬ 
wise stated. Tliis allowed 20 cc of air, as measured by a gas meter, 
to pass through the cigarette with every puff. The smoke wms col¬ 
lected in a train of four gas-absorption tubes each containing 12.5 cc 
of cliloroform and 12.5 cc of 0.1 N sulphuric acid. 

After the smoke from the five cigarettes had been collected the 
chloroform-acid solution was placed in a separatory funnel together 
with the chloroform and water washings from^ the cigarette holder 
and the absorption tubes. The liquid was a^tated and the lovrer 
cliloroform layer was removed and discarded, since nicotine sulphate 
is insoluble in chloroform. The acid solution containing the nicotine 
sulphate was placed in a Kjeldahl flask and steam-distilled after the 
addition of 35 cc of sodium hydroxide and a few^ pieces of porous plate. 
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The volume of liauid at this point was about 300 to 400 cc. In older 
to keep the voliiine of the solution from increasing the flask was heated 
o’eiitJv. The distillate was collected m water acidified with lo cc oi 
dilute HCl (1-4) until 500 cc had distilled over. Alter the distilla¬ 
tion was completed the nicotine was precipitated with 5 cc of 12 per¬ 
cent silicotungstic acid, stured well, and allowed to stand overnight. 
It was then filtered through a weighed Gooch crucible, heated m an 
oven at 125=0. for 3 hours, and weighed. The weight of the pre¬ 
cipitate multiplied by the factor 0.1012 gave the weight of mcotine. 
Tills was divided by the weight of tobacco smoked to get the weight 
of nicotine secured from 1 g of tobacco. The data given in this paper 
are averages of two or more results. 



Figtjee 1.—Apparatus used to smoke cigars, cigarettes, or pipes with constant length and strength of 
puff at same time intervals: a, Cigarette; 6, small calcium chloride tube used as cigarette holder; c-f, 
glass-sioppered gas-absorption tubes, 1 by 8 inches; g, reducing gear, 48 to 1, with 8-inch pulley; h, brass 
valve; i, synchronous motor, one-sixteenth horsepower, 1,200 revolutions per^ minute; j, 2-liter suction 
flask; fc, tail (24-inoh) bottle containing motor oil, S. A. E. 30, to a height of 17 inches; I, 3.5-mm glass air- 
inlet tube; w, tall (24-iiich) bottle used as a water manometer; n, Hoke needle valve from oxygen tank; o 
ealeiom chloride tower; p, high-vacuum pump. 


The experimental conditions did not of course duplicate actual 
cigarette smoking conditions. 

MICOTINE CONTENT OF CIGARETTE SMOKE AS AFFECTED BY 
THE MOISTURE CONTENT OP THE TOBACCO 

In 1923 Heinz (10) stated that smoke from a moist cigar contained 
from 50 to 75 percent more nicotine than smoke from a dry cigar. 
But Schdiler’s results (M) in 1928 showed practically no difference 
between the mcotine content of the smoke of dry and moist cigars. 
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Wintersteiii and Aronson (29) published results in 1929 which differed 
from the findings of both of these workers. They state that from a 
dry cigarette 30 percent more nicotine goes into the mouth of the 
smoker than from a moist one. The water content of the dry to¬ 
bacco was 4.8 percent and that of the moist tobacco was 16.o percent. 
Waser and StaMi ( 24 ) and Molinari (IS) also found more nicotine 
in the smoke from dry cigarettes than from moist ones. Residts 
which differed from any yet reported were given by Kovalenko (13) 
in 1931, who stated that an increase in the moisture content of cig¬ 
arettes from 9 to 11 percent increases the nicotine content of the smoke 
but a further increase in the moisture content decreases the nicotine 
in the smoke. 

EXPERIMENTS 

Cigarettes were stored for a period of at least 2 weeks in desiccators 
having known humidities. ^ The desired relative humidities were ob¬ 
tained from the data of Wilson (27) on humidity control by means of 
sulphuric-acid solution. 

The moisture content of the cigarettes was determined by drying in 
a vacuum over concentrated sulphuric acid for 2 weeks. The pro¬ 
cedure described in the previous section was used to determine the 
nicotine content of the smoke from these cigarettes. The results are 
shown in table 2. 

Table 2. —Nicotine content of cigarette smoke as affected hy the moisture content of 

the tobacco 


Moisture content of 
cigarette (percent) 

Nicotine 
found in 
smoke 
per gram 
of dry 
tobacco 

Nicotine 
found in 
tbe smoke 
as com- 
1 pared to 

1 nicotine 
in tbe 

1 original 
tobacco 

Moisture content of 
cigarette (percent) 

Nicotine 
found in 
smoke 
per gram 
of dry 
tobacco 

Nicotine 
found in 
the smoke 
as com¬ 
pared to 
nicotine 
in the 
original 
tobacco 

0.0. 

Milligrams 

9.2 
7.8 

7.3 
6.5 

Percent 

1 42.4 

35.9 
33.6 
30.0 

11.10. 

Milligrams 

5.7 

5,1 

4.6 

Percent 

26.3 

23.6 

i 21.2 

i 

3.99.. ‘ 

14.34. 

6.43 . 

24.44. 

9.22. 




These results clearly show that an increase in the moisture content 
of cigarettes decreases the nicotine content of the smoke. Contrary 
to the findings of Kovalenko (13), the nicotine found in the smoke 
does not increase with the moisture content from 9 to 11 percent. 

NICOTINE CONTENT OF CIGARETTE SMOKE AS AFFECTED BY 
THE STRENGTH OF PUFF 

Bogen (5), Wenusch (26), and Kovalenko (13) all state that the 
nicotine content of cigarette smoke increases with the rate of smoking. 

EXPERIMENTS 

Cigarettes stored at four different humidities were smoked under 
conditions identical with those reported in the previous section, except 
that the vacuum used was equal to 14 inches of water instead of 15.25 
inches. This allowed 16 cc of air to pass through the cigarette at 


17047—35-6 
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each puff instead of 20 cc as in the previous series. The results are 
given in table 3. 


Table 3. —Nicotine content of cigarette smoke as affected by the strength of puff^ 
cigarettes of different moisture content being used ^ 


Moisture content of cigarette (percent) 

Nicotine found in the 
smoke per gram of 
dry tobacco 

Nicotine found in the 
smoke as compared 
to nicotine in the 
original tobacco 

16 cc of air 
puff 

20 cc of air 
puff 

16 ce of air 
puff 

20 cc of air 
puff 

0 0____ _' 

Milligrams 
8.1 
7.0 
6.6 
2.3 1 

Milligrams 

9.2 
7.8 

7.3 

Percent 

37.3 

32.3 

30.4 
10.6 

Percent 

42.4 

35.9 

33.6 

3 99 _____ _ 

6,43 . -___ 

31 5 ,,, ..... 





1 In these trials 16 cc of air passed through the cigarette at each puff instead of 20 cc as in series reported 
in table 2. 


The results show that an increase in the volume of air going through 
the cigarette at each puff increases the amount of nicotine in the 
smoke. This agrees with the findings of others {5, 13, 26), 

NICOTINE CONTENT OF CIGARETTE SMOKE AS AFFECTED BY 
THE LENGTH OF BUTT 

Heiduschka and Muth (9) determined the amount of nicotine in 
the smoke when four~fifths of a cigarette was moked. Using a 4- 
second puff at 6-second intervals, they found an average of 0.19 per¬ 
cent of the weight of the cigarettes as nicotine in the smoke. The 
original nicotine content of the cigarettes used was 1.19 percent. 

EXPERIMENTS 

Cigarettes of 7-cm length with a nicotine content of 2.17 percent 
and a moisture content of 11.1 percent were smoked until butts of 
1-, 2-, or S-cm lengths remained. The cigarettes were given a light 
coating of paraffin near the end and inserted in a \varm glass tube 
which .was only slightly larger than the cigarettes. Only the part to 
be burned remained outside the tube. The paraffin solidified on cool¬ 
ing, forming an air-tight joint. The cigarettes were smoked until the 
burning zone reached the glass tube. The results are given in table 4. 

Table 4, —Nicotine content of cigarette smoke as affected by the length of butt 


I^ength of butt (length of unsmoked cigarettes. 

7 cm) (centimeters) 

Fraction 
of ciga¬ 
rette 
smoked 

Amount of 
nicotine in 
smoke per 
cigarette 
whose dry 
weight 
equals 1 g 
(-4) 

Nicotine 
found in 
the smoke 
as com¬ 
pared to 
nicotine 
in the 
original 
tobacco 

Nicotine con¬ 
densed in butt 

Z ..... 

H 

Milligrams 

1.3 

Percent 

6.0 
11.5 i 
17. 5 

Percent 

60.1 

38.6 

22.3 

0.0 

2 

2.5 

1...... 

3.S 

... - .... 

j 

5.7 

f 

26’. 3 ^ 
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The percentage of nicotine condensed in the butt was calculated 
from the difference between the amount of nicotine actually- found 
and the nicotine which theoretically should have been found in the 

smoke f^^ XlOo)- 

The condensation of nicotine in the unburned tobacco is a yerr 
important factor governing the amount of the alkaloid that the 
smoker will receive. Under the conditions of this experiment the 
condensation amounts to 60 percent of the nicotine which ordinarily 
appears in the smoke, when the length of unburned cigarette is 3 cm 
or three-sevenths of the original product. With a length of butt of 
1 cm, only 22 percent of the nicotine which ordinarily appears in the 
smoke was held in the unburned portion. The actual amount of 
nicotine found in the smoke of 1 cigarette burned to a length of 1 cm 
will be approximately equal to the nicotine found in the smoke from 
3 cigarettes whose butts are 3 cm in length. One cigarette smoked 
to a 2-cm butt mil have as much nicotine in its smoke as 2 cigarettes 
smoked to a length of 3 cm. Although the above exact relationships 
will hold true only imder the conditions of this experiment, it is 
apparent that the length of butt is one of the most important factors 
governing the nicotine content of cigarette smoke. 

THE NICOTINE CONTENT OF THE “SIDE STREAM 

Bogen (5) states that the side stream ordinarity constitutes the 
greater part of the smoke as shown by the carbori-dioxide content. 
Winterstein and Aronson {28) measured the nicotine and reported 
that 43 to 62 percent of the total nicotine goes into the side stream. 

EXPERIMENTS 

Cigarettes were placed in the machine and smoked as usual, but 
instead of allowing the side stream to escape, it was trapped ancl 
passed through four gas-absorption tubes. In order to trap the side 
stream the burning cigarette was placed in a bulb with two small 
openings at opposite sides. Through one of these openings the 
cigarette was placed. This operdng had a diameter 1 cm greater 
than that of the cigarette holder, which allowed air to enter the bulb 
at such a rate that none of the smoke was lost. The air and smoke 
were pulled through the other opening into the gas-absorption tubes 
by means of a continuously running water pump. 

The results are given in table 5. 

Table S.-— Nicotine content of the side stream smoke as modified by the moisture 

content of the cigarette 


Moisture content of cigarette (percent) 

Main streana 
(amount of 
nicotine as 
compared to 
the nicotine 
in tobacco; 

1 

Side stream j * ... 

(amount of i 
nieotineas ! 
compared to ! 

the nicotine j 

in tobaceo f 

11.13...... 

Percent 

26.3 

42.4 

Per cent Percent 

31.8 1 41,9 

! 29.Cl 

i 

0.0.....-. 







274 


Journal of Agricultural Research 


Vol. 51, no. 3 


Contrary to the results of the stud}" of the relation between the 
moistiue content of the tobacco and the amount of nicotine in the 
main stream^ the side stream shows a decrease of nicotine when the 
iiioistiire content decreases. This may be partly explained by the fact 
that dry cigarettes burn more quickly' than moist ones. Only 8 puffs 
are required to bimi 1 cm of the dry cigarettes, while 15 puffs are 
required for those with a moisture content of 11.13 percent. In_the 
more rapidly burning dry cigarettes there is ewidently greater distilla¬ 
tion and less destruction of the nicotine. This accounts for the 
increased amounts of the alkaloid in the main stream. But the rate 
at winch the tobacco burns wiien air is not passing through the dry 
cigarette may not be increased to the extent that it is when air is 
drawn through it. Thus the shortened time of burning will cause a 
smaller amount of nicotine to be found in the side stream. A study 
of the carbon-dioxide content of the twm streams of smoke and the 
temperatui^e of the burning zone might help to explain the foregoing 
facts. 

SUMMARY 

A study of methods of determining nicotine, applicable to cigarette- 
smoke solutions, has showm (1) that pyridine does not interfere in 
the precipitation of nicotine by silicotungstic acid in concentrations 
below 0.02 percent, and (2) that the concentration of pyridine in 
cigarette-smoke solutions is not high enough to interfere with the pre¬ 
cipitation of nicotine by silicotungstic acid, 

A machine is described which will smoke cigarettes, cigars, or pipes 
with puffs of constant wolume and xmyarying length at constant 
intervals. 

The nicotine content of cigarette smoke varies inversely as the mois¬ 
ture content of the cigarettes. 

The amount of nicotine in the smoke is directly proportional to the 
strength of the puff. 

There is a marked condensation of nicotine in the short unburned 
portion of a cigarette. 

Under the conditions of these experiments cigarettes with a moisture 
content of 11.13 percent contained more nicotine in the side stream 
than in the main stream; cigarettes with a moisture content of 0 
contained less nicotine in the side stream than in the main stream. 
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THE EFFECT OF AUXINS UPON PHYTOPHTHORA 
CACTORUM1 


By Leon H. Leonian 2 

Mycologist, West Virginia Agricultural Experiment Station 


INTRODUCTION 


Ever since Pasteur announced that yeasts were unable to grow in 
a solution consisting of mineral salts and sugar, investigators have 
devoted much time not only to the effect of such substances on yeasts 
and yeasthke fungi, but also to the effect of growth-promoting 
factors extracted from yeast and tested upon plants and animals. 
An extensive survey of literature on this subject is given by Miller 
(6),^ Tanner (Ip), Sherman and Smith (11), and Buchanan and 
Fulmer (2). With a few exceptions, filamentous fungi have received 
but little attention. What few fungi have been tested belong, 
largely, to the usual genera, such as Penicillium, Aspergillus, and 
Rhizopus. For instance, Kogl and Ms coworkers (5), who have 
isolated three different auxins from human urine and have deter¬ 
mined their chemical structure, report the finding of growth-pro¬ 
moting substances in several species of Rhizopus as well as in Es¬ 
cherichia coli.^ Nielsen (7) found an auxin in Rhizopus suinus and 
named it rMzopin. According to him tMs substance accelerates 
growth of Aspergillus niger nine times and greatly increases conidia 
production. Nielsen and Hartehus (8) made further studies of 
rhizopin and reported that it contains two distinct auxins, A and B. 
Auxin A is soluble in ether, is destroyed by oxidation, and promotes 
growth in oat coleoptile just as Kdghs auxins do. Auxin B, on the 
other hand, is insoluble in ether, is not destroyed by oxidation, and 
promotes growth in A, niger and not in oat coleoptile. Von Euler 
and Philipson (4) report that oat coleoptiles contain a growth factor 
for R. tritici, R. nigricans, Aspergillus wentii, and a species of Peni- 
cillium. Almoschlechner (1) classifies the auxin found in Boletus 
edulis as ^^ Wuchsstoffe B” wMch, like auxin B of Nielsen and Philip¬ 
son, is insoluble in ether, Schopfer (10) found that Phycomyces 
blakesleanus would not grow in a mineral solution and a pure grade 
of sugar, whereas commercial maltose induced good growth. He 
tested the effect of vitamins B^ and B^ of Wundaus and Kuhn and 
found that these substances induced growth in the fungus as well 
as in wheat seedhngs. 

It is quite probable that a great many fungi are capable of manu¬ 
facturing their own auxins, while others depend upon other organisms 
for their growth-promoting substances. For instance, Mucor gem- 
vense, Zygorhynchus heterogamus, Pythimn butleri, ^ and Pytfdum 
debaryanum make a good growth in a mineral solution and sugar, 
whereas Phycomyces blakesleanus, Pythium polymastum, Phytophthora 
cactorum, and Coprinus radians cannot grow unless some complex 
organic substance is added to the nutrient solution. 


1 Received for publication Apr. 15, 1935; issued September 1935. Scientific Paper no. 149 of tbe West 

Virginia Agricultural Experiment Station. . xi. v • » * xiu lu. 

2 The writer is indebted to Dr. Virgil G. LiDy for suggestions concerning the chemical phase of the worfc, 

3 Reference is made by number (italic) to Literature Cited, p. 2S6. 
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EXPERIMENTS 

This paper is concerned only with Phytophthora cactorum (Leb. 
and Cohn) Schroeter. The fungus makes no growth whatever when 
transferred to a solution consisting of 5 g of pure dextrose, 1 g of 
potassium nitrate, 0.5 g of dihydrogen potassium phosphate, and 
0.25 g of magnesium sulphate in 1,000 cc of water. When, however, 
the primary root of an aseptically germinating corn grain is cut when 
it is about an inch long and is transferred to this solution, the fungus 
grows readily (fig. 1) and reproduces both asexually and sexually. 

Some may object to the composition of the nutrient solution 
described above on the ground that it does not contain such essential 
elements as zinc, manganese, boron, iron, copper, iodine, thalhum, 
etc., which, while needed in very minute quantities, may, nevertheless, 
be controlling factors in the growth of fungi. In order to overcome 
this objection, some canned green peas were dried and ashed at a 
comparatively low temperature; the ash was treated with hydro- 



FiGURiE 1.—Effect of corn root auxins upon PhidonUhora cactorum: A, Growth one-sided because there is 
only one source of auxins; B, A more symmetrical growth because of the presence of two sources of auxins. 
Kote that growth is toward the base of the root where the auxins are given off. 


chloric acid, eyaporated to dryness on a steam bath, and added to 
the nutrient solution. It could induce no growth whatever despite 
the fact that canned peas induce richer and faster growth in Phyto- 
fhihora cactorum than any other substance with which the writer 
has had experience. 

The corn root does not need to remain in the solution for very long; 
even so short an exposure as 1 minute is sufficient to endow the solution 
with a certain degree of growth-promoting quality. The longer the 
root is allowed to remain in the solution, the better the growth will 
be. But this is not at all proportionate. For instance, the same 
piece of root was successively transferred through a number of flasks, 
each contaming 15 cc of the_ nutrient solution. The root was kept 
in the first flask for only 1 minute, 5 minutes in the second, 10 in the 
third, 15 in the fourth, 30 in the fifth, 1 hour in the sixth, 2 hours in 
the seventh, 4 in the eighth, 8 in the ninth, 16 in the tenth, and 24 hours 
in the eleventh flask. The amount of growth made in the last flask 
was only three, times that made in the first flask. The same was 
'true when a'.different roO't was used for each flask. 







Aug. 1, 1935 


The Efed oj Auxins Upon Phytophthora cadorum 


279 


Went {14) and others have shown that auxins have a definite 
polarity in the coleoptile of sprouting oat grainSy most of the auxins 
being concentrated at the tip and from there moving toward the 
base. Popov {9) obtained similar results with corn sprouts. Thiniaiin 
(IS) states that in the roots of Avena the concentration of auxins 
decreases with distance from tip. Cholodny (3) finds that in the 
case of corn roots transport of growth-promoting substances occurs 
only in the basal direction. The writer also found that the movement 
of growth-promoting substances was toward the base, and compara¬ 
tively smaller amounts were present near the growing tip. This was 
demonstrated by the following methods. Fifteen cubic centimeters 
of nutrient medium prepared according to the foregoing formula 
and solidified by means of 0.75 percent of a pure grade of agar-agar 
was poured in a series of Petri dishes and sterilized. In the first 
series of dishes the roots of corn were so placed as to bring the cut 
base in direct contact with the agar, the remaining parts of the roots 
being supported above the surface of the agar by means of short 
pieces of glass tubing. In the second series the position of the root 
was reversed, and the cut base of the root was sealed with paraflBn 
in order to check any possible diffusion of protoplasmic substances 
to the surface and from there into the agar. In the third series the 
position of the root was the same as in the second but the root tip 
was cut off and the cut end was allowed to rest on the agar. In the 
fourth series, the position of the root was like that in the first except 
that the root tip was cut oft* and sealed with paraffin. All these 
dishes were then inoculated. The results are shown in figure 2. It 
can be seen that when the cut base of the root was allowed to come 
in direct contact with the agar, it induced very good growth; the 
presence or the absence of the root tip did not seem to have any 
appreciable effect upon the amount of these substances diffused into 
the agar. Least growth was made when the sound root tip rested 
upon the agar; the removal of the root tip caused a somewhat better 
growth. 

Despite the paraffin coating, a certain amount of cell fluid worked 
its way out from under the paraffin and accumulated on the root in 
the form of an amber-colored drop. Whenever this drop fell on the 
agar before it could be absorbed by means of a filter paper, a rich 
growth ensued. The following technique was used to overcome 
this: Corn grains were germinated aseptically; when the piimaiy 
root was about 4 inches long and the shoot had fomied, the young 
plant was removed to a small flask containing the nutrient solution. 
Only the tip of the root was allowed to come in contact with the 
solution. In some cases the root tip was cut off; in others it was 
left intact. The sound roots gave off only a trace of growth-promoting 
substances and the fungus produced but a slight growth; where the 
root tip was cut off, a somewhat better growth resulted, but in no 
case could it compare with the growth induced by a short piece of 
root aseptically removed from a germinating corn grain and trans¬ 
ferred to the nutrient solution. In another series of experiments 
the corn grains, as soon as they showed signs of germination, were 
transferred to Petri dishes containing the nutrient medium solidified 
with agar. The agar was then inoculated; the primary roots were 
allowed to attain a length of 2 inches. The dishes were then divided 
into two groups. In the first group the tip of the primaiy root was 
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cut off, while in the second group in was left intact. In the case 
of the former some growth resulted, while in the case of the latter 
no growth whatever could be seen. 

The relative concentration of growth-promoting substances in the 
roots was tested by another method. When the primary root was 
about an inch in length, it was cut away from the grain and then cut 
into two equal parts; the basal portion was transferred to one flask 
containing the nutrient solution, and the apex to another flask; the 



Figure 2.—Polarity of aaxins: A, The base of the root resting on agar, all other parts being elevated by 
means of a glass tnbing, the root tip intaot; B, the base of the root resting on agar, tip cut off; C, the apical 
portion of the root, with the tip removed, resting on the agar, while the base is elevated; the sound 
apical portion of the root resting on the agar. 

flasks were then inoculated. In all cases the basal portion induced 
a much better growth; even when the root tip of the apical portion 
was removed and thus two wounded regions were exposed to the 
solutionj no appreciable difference could be seen. 

The growth-promoting substances alone, as given off by the roots, 
cannot support growth. When a piece of root and an inoculum were 
placed in a dish containing 2 percent agar-agar, no growth resulted. 
The addition of potassium nitrate, dihydrogen potassium phosphate, 
md magnesium sulphate, alone or in afi possible combinations, 
induced no growth despite the presence of the root. But the root 
.and; dextrose together induced a fairly good growth. However, the 
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maximum growth resulted only in the presence of the essential salts, 
glucose, and the root (fig. 3). If the root was left out, no growth 
resulted. 

In all Pctri-dish preparations the inoculum was always placed 
about an inch away from the root. It was observed that the growth 
of the fungus was always towards the root, so that eventually a fan¬ 
shaped colony resulted. No matter how long the fungus was allowed 



Figure 3—Effect of different nutrients and auxins: .*4, Plain agar, inoculum, and root, no growth, 
B, agar, glucose, inoculum, and root, poor growth; a agar, dihydrogen potassium phosphate, glucose; 
inoculum, and root, poor growth; X*, agar, the essential salts, glucose, inoculum, and root, good growth. 


to grow, the colony always remained fan-shaped. This is due to the 
fact that the mycelium absorbs and retains the growth-promoting 
substances as rapidly as they are diffused so that one-half of the 
plate which contains the root will also contain these substances and 
will, therefore, be able to support growth, while the opposite half, 
containing no root, will have no such substances and ydHj therefore, 
be unable to support growth. Even a casual examination of the 
colony will show that the richest growth of mycelium is made nearer 
the root, while the poorest is made in the immediate vicinity of the 
inoculum j with the exception of those substances which diffuse 
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through agar and reach the inoculum before any growth is made, all 
the available supply is absorbed and held by the growing mycelium 
nearer the source of supply. Even when the root is placed at one 
edge of the plate and the inoculum at the opposite edge, the picture 
remains the same, growth becoming more and more sparse as it is 
followed away from the root. When a strip of agar about 4 mm in 
width is cut away from the middle of the agar in the plate, leaving 
the two halves separated by a channel, and when these two halves are 
connected by an inoculum disk cut from a Petri-dish colony of the 
fungus by means of a cork borer, growth will be in that half of the 
agar which contains the root; the other half will show no growth 
because the young hyphae growing out of the inoculum disk will not 
allow the growth-promoting substances to diffuse through the inocu¬ 
lum disk into the opposite half of the agar. 

It is not at all necessary to have a living root. Roots autoclaved 
at 15 pounds’ pressure for one-half hour and then transferred to the 
nutrient solution induce a very good growth. When a piece of root is 
crushed in 15 cc of nutrient solution, excellent growth follows; yet, 
according to Thimann (IS), plant tissues when crushed in water do 
not yield appreciable amounts of auxins. If the roots are cut and 
allowed to dry into a brittle, brown tissue and are then transferred 
to a flask of nutrient solution, again a good growth results. Popov (9) 
also found that the active principle remained undiminished in dried 
plants. Thimann, on the other hand, states that root tips of Avena 
do not continue to produce growTh substances when cut off and that 
such substances are easily oxidized and destroyed. The writer won¬ 
ders if the coleoptile of Avena is a very good subject upon which to 
test auxins, or if a mere curvature and a slight elongation of the shoot 
is a convincing index for measuring the concentration of auxins. In 
order to test the effect of oxidation still further, roots were placed in a 
1 percent solution of potassium permanganate for 12 hours, then 
taken out, thoroughly washed, and transferred to flasks containing the 
nutrient solution. In all cases a good growth followed. 

Growth-promoting substances from the corn root can withstand 
very rough treatments. Some roots were kept for 24 hours in 95- 
percent alcohol, in full-strength acetone, in chloroform, and in 1-per¬ 
cent solutions of lead nitrate, aluminum nitrate, picric acid, gold 
chloride, zinc nitrate, and the salts of some other heavy metals known 
to be strong protein precipitants. ^ After they were washed thoroughly 
in three changes of sterile distilled water and transferred to the 
nutrient solution, they induced good growth in the fungus. However, 
0.1 percent of bichloride of mercury, 1-percent solutions of copper 
sulphate and silver nitrate, and full-strength formalin (40 percent) 
seemed to destroy or inactivate the active principle. It was suspected 
that the toxic substances were not washed out entirely and that they 
amused from the root and inactivated the fungus. Consequently, 
when the roots treated with bichloride of mercury, copper sulphate, 
and silver nitrate were first subjected to hydrogen sulphide for 6 
hours, boiled water until all odor of hydrogen sulphide disap¬ 
peared, and then transferred to the nutrient solution, they induced 
CTCwth once more,.^ Simflarly, when the roots treated with formalde- 
njcle^were boiied m distilled water and then transferred to nutrient 
solution, they gave off enough substances to induce .a fairly good 
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The auxins of the com root were not destroved when the roots 
were boiled in 20-percent sulphuric acid until they bes^an to disinte¬ 
grate, and were then washed in distilled water and transferred to the 
nutrient solution. A 12-hour exposure of the roots to N/10 sodium 
hydroxide solution failed to destroy these substances. A 12-ininute 
exposure to the largest X-ray tube was without anv effect (140 pre¬ 
voltage, 5 amperes, distance 10 inches). 

Adsorption on charcoal, fuller’s earth, silica gel, etc., has given 
good results in the separation of the different fractions of vitamin B 
and of the so-called “bioses.” The writer employed 4-percent norit, an 
excellent adsorbing agent. A luimber of flasks, each containing 
15 cc of the nutrient solution, were prepared. Each flask contained 
a piece of root about an inch in length. Ten days later the roots 
were removed, the solutions combined, and then divided into two 
equal lots. The first was kept as a check; the second was boiled with 
4-percent norit until nearly dry and then made up to the original 



riGURE 4.-^4 and J5, Effect of adsorption. The black region in the agar consists of nutrient agar to which 
4 percent of norit was added. The auxins from the root diffuse in all directions but because they are 
adsorbed on the norit barrier, inoculum 6 cannot grow, while inoculum a, having access to a supply of 
auxins, grows readily. 

volume and filtered. Both the filtrate and the check were auto¬ 
claved, poured in a series of sterile glass capsules (preparation dishes), 
and inoculated. The checks induced a good growth, while the 
solution treated with norit induced no growth at all, showing that 
the growth factors were adsorbed on the norit. 

The effect of norit was tested also in solid media. The nutrient 
solution was solidified by means of 2-percent agar-agar. ^ The medium 
was poured in Petri dishes; after it had solidified, a strip of agar was 
cut away from the middle of the plate, thus separating the two halves 
of the nutrient agar by means of a channel. Another portion of the 
medium, to which 4 percent of norit was added, was poured in this 
channel. One primary root of corn was placed near this strip of 
norit-containing agar. The two halves of the untreated agar were 
then inoculated as indicated in figure 4. It can be seen that the 
growth factors which diffused through the base of the root were 
adsorbed on the norit and therefore failed to cross the channel and 
reach the inoculum h; consequently this inoculum failed to grow, 
while inoculum a made a good growth. 
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The effect of iiorit-treated auxin solutions upon sexuality of 
Pkytoplithora eacionim was tested. The writer has already demon¬ 
strated that a substance may be able to induce growth, but it may 
not, necessarily, be able to induce sexuality in this fungus. Proteose 
peptone is such a substance. When 0,2 percent of proteose peptone 
is added to the nutrient solution described in a former paragraph, 
it induces a very good growth but no sexual repx’oduction. A number 
of colonies grown in this solution were thoroughly washed in sterile 
distilled water and transferred to three different solutions, as follows: 
d) Nutrient solution containing no auxins; (2) nutrient solution 
containing auxins; and (3) nutrient solution containing auxins, but 
heated with 4 percent of norit and filtered. The first solution did 
not induce any sexual bodies, while the second and the third did. 
It should be recalled that the second solution induced growth, while 
the third failed to do so. This indicates that while growth-promot¬ 
ing substances are adsorbed on norit, the sexuality-promoting factors 
remain unaffected. 

NATURE OF THE GROWTH-PROMOTING SUBSTANCES 

The term 'Tmxin’^ is used reservedly in this paper because, while 
the writer believes that the growth-promoting factors diffused from 
the corn root are auxins, he has not obtained them in chemically 
pure form, and the evidence, therefore, is circumstantial in nature. 
Although ashed peas failed to induce growth, the objection might 
still be raised that ashing and the subsequent treatment with hydro¬ 
chloric acid change the various minerals to chlorides and that such 
minerals may be active only in combination with some organic 
substances. In cooperation with an organic chemist, Dr. Virgil 
Lilly, the writer has conducted extensive investigations with growth- 
promoting substances of the garden pea. Ether and alcoholic extrac¬ 
tions containing no minerals whatever have retained all the growth- 
promoting ability of the original substance. It is, therefore, quite 
safe to rule out inorganic salts. Similarly, carbohydrates, fats, 
proteins, pi'oteoses, and amino acids have been left behind without 
in any way affecting the ability of the refined product to induce as 
good growth as the original substance. 

The substance from the corn root cannot be considered of enzymic 
nature, for enzymes cannot 'withstand the violent treatments to 
which the corn roots were subjected 'without losing their growth- 
promoting ability. Nor is it likely that these substances are vitamins. 
Of the water-soluble types, vitamins B and G are the only ones 
likely to induce growth. Vitamin Bi does not resist repeated auto¬ 
claving or the action of^ strong chemicals. The extract from the 
garden peas which Dr. Lilly and the writer have prepared, purified, 
and tested, were used by Hazel C. Cameron of this station in some 
vitamin-G-free diet feeding experiments with rats. The results were 
all negative, and it is safe to conclude that the growth-promoting 
factor is not ^dtamin G. 

The growth-promoting substances from the corn roots are not 
pantothenic acid. The crystalline pantothenic acid obtained through 
the courtesy of Dr. E. J. Williams failed to induce any growth in 
Phyto-phthora cmtorum. Similarly, one of his 'Aiutrilites'^ failed in 
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tliis respect. Pantothenic acid is a good growth-promoting substance 
for 5"easts; ^^nutrilite 103’’ promotes growth in some other fungi 
with which Dr. Williams has experimented. It would, therefore, be 
an idle generalization to assume that any one auxin may promote 
growth in all fungi. As previoush" stated, Kogl and his "cowmrkers 
have isolated three different auxins from human urine. The one 
extracted from the garden pea by Dr. Lilly and the writer is different 
in its chemical properties from auxin A, B, and heteroauxin. There 
is no reason wdiy there should not be a great many different auxins 
in nature. 

Mitogenetic radiation can at once be waved aside because such 
radiations, if they actually exist, are associated with, living tissues. 
Corn roots lulled by mechanical means, by chemical treatments, and 
by heat still retain^ their growth-promoting abihty. Furthermore it 
is difficult to conceive that such rays wmuld be stopped by a narrow 
strip of agar containing norit (fig. 4). 

The definite polarity of the growth factor in the corn root is identical 
with the behavior of auxins of other investigators. It is not probable 
that ordinary minerals or organic substances manifest such behavior. 

In the light of the foregoing discussion the w'riter is inclined to 
favor the theory that the growffh-promoting substances present in 
the corn roots are auxins. 

SUMMARY 

Canned peas induce an excellent growTh and reproduction in 
Phytophthora cactorum. When, however, the peas are ashed, and 
the ash is added to a mineral solution plus a pure grade of dextrose, 
the fungus does not grow. But if a piece of root about an inch in 
length is cut from an aseptically sprouting corn grain and transferred 
to this solution, the fungus makes a very good growTh and reproduces 
normally. 

The root does not need to remain in the solution for very long. 
Even as short an exposure as 1 minute suffices to endow’^ the solution 
wdth growTh-promoting properties; however, the growffh is richer 
with the longer exposures. 

The growth-promoting substances in the root move tow^ard the 
base; consequently only very few" auxins are given off from the 
apical portion even when the root tip is cut off. The amount given 
off from the sound roots is negligible. 

The growth-promoting substances as given off by the cut root are 
unable to induce growth without the essential salts and sugar. 

It is not necessary to have Kving roots. Crushed or autoclaved 
roots induce excellent growth. Many toxic substances and protein 
precipitants are without effect; X-rays do not exert any harmful 
influence. 

Growth-promoting factors are adsorbed on norit, so that a norit- 
treated solution no longer promotes growTh. Sexuality-promoting 
substances, on the other hand, are not adsorbed by norit, so that 
norit-treated auxin solutions promote sexuality just as w^ell as the 
untreated ones. This shows that in addition to grow"th-promoting 
substances there are sexuality-proinoting factors which, apparently 
possess different chemical and physical properties. 
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PHOSPHORUS CONTENT AND BUFFER CAPACITY OF 
PLANT SAP AS RELATED TO THE PHYSIOLOGICAL 
EFFECT OP PHOSPHORUS FERTILIZERS IN FIBROUS 
LOW-MOOR PEAT^ 

By J. R. Neller 2 

Biochemistf Florida Agricultural Experiment Station 
INTRODUCTION 

Ever since tlie initiation of systematic fertilizer work upon tlie 
organic soils of the Everglades, distinctly inimical effects have been 
observed to^ follow the use of the more soluble forms of phosphorus 
under certain conditions on the growth of a considerable number of 
agricultural plants. In line with this experience, and following the 
applications of different kinds of phosphatic materials to a series of 
plots ^ on typical saw-grass peat, a planting of shallii {Andropogon 
sorghum) resulted in a distinctly retarded growth on those plots that 
had received the more soluble forms, such as the superphosphates. 
Plants on plots that were treated with less soluble inateiials, such as 
finely ground rock phosphate, were entirely normal in appearance, 
however, and much lilve those to whicli no phosphorus had been 
applied. 

in an endeavor to ascertain the cause of these disturbances in crop 
development a study of the sap of the plant was undertaken. This 
study was extended to embrace a crop of buckwheat {Fagopyrmn 
eseulentiim) grown on the same plots. The growth of this plant was 
normal on plots treated with phosphorus, but particularly abnormal 
where phosphorus was omitted and lime added. The same treatment 
of lime withont phosphorus was not detrimental to shallu, however. 
Corresponding leaf-sap studies of sugarcane {Sacchanim officinarum), 
of rape (Brassica napus)j and of corn (Zea mays), grown on similarly 
treated plots, are also included. 

MATERIALS AND METHODS 

For the most part leaves only were selected for the sap extractions 
but in the case of buckwheat and sugarcane, stem saps also were ob¬ 
tained. Samples \vere always taken betw^een 8 and 9 a. m., and, 
when leaves 'were used, they were removed from the same portions of 
the plants to insure as much uniformity as possible in the sampling 
procedui'e. Thus the leaf growing below the last upper weU-defined 
stem internode was selected in the case of the shallu, corn, and sugar¬ 
cane. The enthe buckw^heat plant was taken and the leaves were 
stripped for one sample w^hile the stems were used for another, after 
discarding the leaf petioles. Samples, usually consisting of about 

1 Receivteid for publication Mar. 19,1935; issued October 1935. 

2 Tbanks are due Dr. R. V. Allison, soils specialist in charge, for helpful advice during the course of the 
work. The writer Is also indebted to Dr. A. D^^ne, agronomist, under whose immediate supervision 
the crops used in these experiments were grown. 

® Studies on phosphorus sources were begun on these plots in 1929 by Dr. Allison. 
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100 leaves or stems, were obtained from the central portions of the 
plots to avoid border effects. , .-.i . . , 

The ^reen plant material was ground m a burr mill and immecUatety 
subjected to a pressure of 16,000 pounds per square inch in a steel 
receptacle. The sap so obtained was centrifuged and portions were 
used for electrometric titration. When the pH only of the sap was 
deshed a quinliydrone electrode was used. For the establishment of 
the buffer curves a hydrogen electrode was employed, using 15 ml of 
the sap and N/5 solutions. Conductivity measurements were made 
in an Ostwald ceil with a Wheatstone bridge and alternating-curremt 
galvanometer hook-up. Sap solids w^ere determined with an Abbe 
refractometer as applied by Gortner and Hoffman (6)} The prep¬ 
aration of sap sa.mples, outlined above, was carried through as rapidly 
as possible and all reaction measurements were completed within 2 
to 3 hours after the sample had been collected. The remainder of 
of tfie sap was stored in flasks with toluene added as a preservative. 

Total phosphorus was determined by evaporating and igniting 
5 ml of the sap ^uth magnesium nitrate for the colorimetric molyb¬ 
denum blue method, amino-naphtol sulphonic acid being used for the 
reducing agent, as recommended by Fiske and Subbarow {5) and 
Parker and Fudge (9). Inorganic phosphorus was determined colori- 
metrically in sap clarified by the method suggested by Emmert H) 
for cnished plant tissue. It was found necessary not only to prepare 
the decolorizing carbon (Norit) by leaching out traces of phosphoric 
acid with 1 percent H 2 SO 4 by volume, but also to wash the precipitate 
with the diluted acid in order to make sure that there was no occlusion 
of phosphorus. 

The plots, 18 by 100 feet in size, from which the samples used in 
this work were obtained, were laid out as a duplicate series for 16 
different treatments of wMch 11 are included in this study. In the 
course of the experiments several different crops were growing at the 
same time, each planting consisting of a definite number of the 18- 
foot rows running across each of the 32 plots. The soil is typical of 
the brown fibrous peat of the Everglades, which, with cultivation, 
breaks down into a very dark-brown to black, fine-grained, fibrous 
state. In this locality it is about 7 feet deep and lies dhectly upon 
porous limerock with local pockets of marl. The reaction of this soil, 
undisturbed b}^’ burning, ranges between pH 5.6 and 6 . 0 . 

The basic fertilizer mixture used in these treatments was a 6 - 12-12 
(N-P-K) combination in which the nitrogen, calculated as N, was 
derived equally from NaNOg and (NH" 4 ) 2 S 04 . The phosphorus 
sources are recorded below, while the potassium (K 2 O) is derived from 
the sulphate salt. The applications were at the rate of 1,200 pounds 
per acre, except where colloidal phosphate and rock phosphate were 
used. In these instances 2 ^ and 4 times the amount of phosphorus 
(P 2 O 5 ) were added, respectively. Applications were made to these 
plots on tins basis in March 1929, March 1930, April 1931, and Septem¬ 
ber 1932. A general treatment with copper, manganese, and zinc in 
the form of their sulphates at the rate of 50, 50, and 12}2 pounds per 
acre, respective^, was used upon aU plots in accordance with the 
earlier find ings of Allison et al. (jf). These wei*e included in the first 

Is maao by number (italic) to Literature Cited, p, 300. 
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application only. The treatments made upon the plots included in 
tliis study are as follows: 

Plot no. Treat me Hi 

1 Check (Cu-rMii-l-Zn, only, as in all others). 

2 K (from sulphate of potash). 

3 N4-K (from (NH 4 ) 2 S 04 and NaNO*). 

4 N-hP-fK (16-pereent superphosphate). 

5 N-hP-fK (45-percent superphosphate). 

6 N + 4P -f K (raw rock phosphate). 

8 N‘4 2P4-K (colloidal phosphate). 

9 Check (Cu4- Mn-f- Zn, only, as hi all others). 

13 N-fK+lime. 

15 ISI+ P-|-K-fhiicLe (16-percent superphosphate). 

16 N-rP+K-j-S (16-percent superphosphates 

Aside from the materials regularly used in the fertilizer mixture^ 
lime was added at the rate of 2^000 pounds per acre; colloidal phos¬ 
phate at 1,090 pounds; raw rock phosphate, finely ground, at 2,400 
pounds; and sulphur at 300 pounds per acre, respectively. The first 
three of these materials were applied broadcast, wliile sulphur was 
incorporated in the fertilizer mixture, drilled in the row with it and 
worked in. vSeven crops had been removed from these plots previous 
to those under discussion in this paper. 

EXPERIMENTAL DATA 

RESULTS WITH SHALLU 

In the growth of a crop of shallu planted October S, 1931, a marked 
physiological disturbance was observed on plots 4 and 5, and especially 
on plot 16. The first cutting w^as made on January 14, 1932. This 
injury consisted of a general stunting of the plants, accompanied by 
a chlorotic appearance and the inability to tassel and produce seed 
(fig. 1). \ ^ ^ ^ 

Since the trouble appeared to be associated with the application of 
soluble phosphates, leaf samples were obtained from plants on plots 
that represented the various phosphatic treatments. Table 1 gives 
the results obtained from these samples which -were taken on March 19 
wdieii the seeds of the plants were in the milk stage. The data show 
that, whereas there was a moderate increase over the check in sap 
phosphorus in the leaves from the colloidal phosphate treatment of 
plot 8, there was a considerably greater increase for the 16-percent 
superphosphate treatment of plot 4. The amount of phosphorus in 
the leaf sap of plants from plot 16, to which sulphur was added, was 
still greater. In contrast, the content of phosphorus in the sap of 
leaves of shallu plants from the lime plus phosphate plot 15 was but 
little liigher than that from the check plot 2 receiving potash but no 
phosphate. Characteristics of the saps of plants upon plot 1 must be 
considered in a special way in this and in subsequent treatments 
because the lack of potassium in the fertilizer caused the crops to be 
almost complete failures upon these checks. 

Since the increase in total acidity tended to follow^ that of the total 
phosphorus (table 1), and since the pH values were but little affected, 
it would seem that the phosphorus taken up by the plant was exerting 
a strong buffering action. Where lime was added with the soluble 
phosphate on plot 15 both growth injmy and sap phosphorus were 
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1 ^ icfire and poieniial acidities and total phosphorus conceniraiions of leaf 
8^ qf ihfMuJrom plots upon irhich different fertilizer treatments were used, 

Mar. 19, 193.1 


Plot 120. ’ pU j 

! 

Acifiiry ^ 1 

Total 
i P 2 O 5 

! 

Plot no. ; 

pH 1 

1 

Acidity ^ 

Total 

P.O 5 

1 . ; 5.80 ! 

V' i 5.39 ; 

Cc 

2.55 

1.55 

1 

i P. p. m. 

; 3,909 

i 1,713 i 

j 8.-. 

j 15_ 

1 

1 5.87 

1 5.54 

j 5.59 

Cc 

2.25 
2.40 ^ 
5.20 ■ 

P. p. m. 

2, 114 
2, 053 
0, 471 


2.75 

1 2,457 1 

] 10_ 


: Acidify valnes are cubic centimeters of X/10 NaOH per 5 cc of sap. 


reciiicecl. ^"^liere the lime was replaced by sulphur in plot 16, plant 
fu-owth was most seriously retarded. A correlation was particularly 
evident between growth injury and soluble phosphorus in this instance. 



FiousE 1.—Shallu at the March 19 sampling; .4, growth on plot 5 was decidedly retarded because of the 
inelasion of soluble phosphate in the fertilizer mixture; B, phosphorus was omitted for plot 2 , where 
entirely no-rmal growth was obtained. 


The subsequent growth of the second ratoon crop of shallu exhibited 
appreciably less injury. Leaf samples taken on June 1 at the sarne 
stage of growth as those of the previous sampling on March 19 again 
contained more sap phosphorus when soluble phosphates had hem 
applied as on plots 4 and 16. For plants from plot 4 the amounts were 
(tables 1 and 2) 2,457 and 2,728 p. p. m. as P2O5 and for plot 16 they 
were 6,471 and 3,824 p. p. m., respectively, for the crops of March 19 
and of June Figure 2 shows that almost all of the sap phosphorus 
was inoiganic' in, nature and that it varied with total acidity. The pH 
values were practically constant for all of the'treatments. 
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Table 2.~—TI}jdrogert ion concentration^ acidity^ pho,^phorus, soluMc solidsj and, 
conductiviUj of the expressed leaf saps of corHj shalliij and sugarcane from plots 
upon u'hich different fertilizer treatnienis -were used, June 1 to 6, 193J 


Crop and plot iio.— 

pH 

Acidity ^ 

Total 

P 2 O 5 

Inorganic 

P 2 O 5 

Soluble 

solids 

Coiiduc- 
tivity - 

Shallu: 


Cc 

P. p. m. 

P. p. m. 

Percnit 

Mfm 

1 _ 

.5.37 

2. 69 

2.597 

2, f‘43 

10. 5‘3 

2 ‘ 2 S 

‘> 

5. 67 

2.35 

2. 151 

1,951 

9.43 

21.8 

4___ 

5.59 

3. 00 

2. 72 s 

2,632 

10.13 

238 

_ 

5.5ft 

3.20 

3,109 

3, ‘290 

10. 83 

2‘3t» 

«___ 

5. 6 S 

2.70 

2, 667 

2, 632 

12. 03 

23'> 

S-__ 


2.20 

2, 113 



2‘3t; 

15- -- 

5. 69 

2.35 

2,057 

2,16S 

9.43 

230 

16_ 

5. 

3.60 

3,824 

3.871 

9. 33 

221 

Com: 

1 .... 1 

5.63 

2. r-O * 

985 

f 1,013 i 

10.53 1 

‘U>5 

'? ‘ 

5.34 * 

3.35 

938 

i 880 

9. 43 1 

2(13 

4...... 1 

5.51 ! 

5.50 i 

1,882 

; 1.796 ’ 

11.33 

25,s 

6 ....! 

5.73 

2.90 ‘ 

2,326 

! 2 , :i 0 (j 

11.93 I 

240 

15...-.^ 

5. 59 

3. lU 

1,558 

1 1,.536 

9.63 ' 

! 215 

16.^ 

5. 51 

4.85 

2,770 

1 2 , 6 tu i 

9.33 1 

1 2:4 

Sugarcane: 

1 .. 

! 

! 5.37 

1. 75 

i 

1,367 

! 1,419 

5.5;l 

247 

o 

5.46 

1.40 

1,158 

1 1, ‘227 

5.43 

2*>9 

i........ 

5.29 

2.45 

2,358 

: 2,372 

5.45 ■ 

! 309 

6 .... 

5. 68 

1.35 

1 1,500 

j 1,456 

5.33 1 

1 301 

15. 

5.54 

1.50 

i 1,588 

i 1,551 

5. 3fi ; 

1 ' 2S7 

16.. 

5.54 

2.30 

2,344 

1 ‘2, f:.2U 

i 5.23 : 

297 


1 Acidity values are cubic centimeters of N;10 NaOII per 5 ec of sap. 

2 Conductivity values eciual reciprocal ohms X 19"^ at 2S° C. 
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Figure 2.--Total phosphorus, inorganic phosphorus, total acidity, and pH values of leaf saps of shallu 
harvested from variously tested plots June 1. The soil treatments are given in the tabulation on 
page 289. 


The third ratoon crop of the shallu %vas removed September 20. 
No physiological disturbances were in evidence in the growth of this 
cropj but the appearance of a leaf-spot disease at the tasselmg 
stage prohibited a definite comparative study of the leaf saps. The 
phosphorus content of the saps was about the same for all the plots 
(table 3) and was about as high as that of the harvest of March 19 
when growth was so seriously retarded. This point will be discussed 
later. 

RESULTS WITH BUCKWHEAT 

A reapplication of fertilizers was made on the plots imdei*7stiidy 
and a crop of biickwdieat was planted November 25. Instead of 
exhibiting injury on plots 4, 5, and 16 where the soluble phosphorus 
had been added, as was the case with shallu, buckwheat showed a 
slightly improved growth. Moreover the growth on plot 13 with 
lime, but without phosphorus, was almost a complete failure. 
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Table 3.— Li^fif-sap (uiGlyses of shollu ftom plots upou which different fcvtilizcf 
treatments were 'used, September 20, 1932 


rioi; no.“~ 

; pH : 

Acidity i 

Total 

P 2 O 5 

Soluble 

solids 

Amount 
expressed 2 

Conduc¬ 
tivity s 

Total dry 
matter 


i i 

Cc 

P. r- 

Percent 

Percent 

Mhos. 

Percent 

1 . 

J 5.55 1 

2.00 

1.990 

9.1 

37.1 

120 

20.80 


J 5. H) i 

2.50 

2,048 

1 8.7 

20.4 

i;io j 

34. 73 

4 -- 

- i 5. SO 

2.40 

2, m 

12. 0 

34.4 I 

129 1 

30.47 

s, 

5.81 

1.70 

2,320 i 

11.3 

27.0 i 

i;i2 i 

31.00 


5. 87 ! 

1. 75 

2,128 

12.8 

31.8 

120 1 

32.47 

p:__ 

o. S3 1 

:iH0 


13.0 

.■M.S 

13f) 

31.53 


Aeitlity values are eiibic centimeters of N/IO NaOH per 5 cc of sap. 
i Amount expressed per \veia;ht of green material. 

' Conductivity values etpial reciprocal ohms X 10"^ at 2S° C. 


Since the physiological reaction of buckwheat to these treatnients 
was in striking contrast to that of the preceding crop of shallii, similar 
sap studies were made with this crop. The data for leaf saps, as 
sliowii in table 4, indicate that the changes in total phosphorus, 
total acidity, and inorganic phosphorus tend to parallel one another 
and show marked increases for the plants from the soluble-phosphate 
plots. Leaf sap from the plants of the limed plot 13, which received 
no phosphate treatment, was the lowest in phosphorus and was also 
very low in total acidity. This would seem to indicate that the 
poor growth on this plot might be due, in part at least, to a lack of 
phosphorus. A manganese deficiency may have developed also. 
In this connection it is to be observed that the saps of the buckwdieat 
leaves from nonphosphate plots (table 4) were much lower in phos¬ 
phate than the leaf saps of shallu from the same plots. This contrast 
is not in evidence, however, in saps from the plants of the phosphate- 
treated plots. 

The pH values of the leaf saps of buckwheat (table 4) did not 
vary appreciably in passing from the nonphosphate to the phosphate 
plots. Electrometric titrations of these saps were carried sufficiently 
far to construct the titration curves shown in figure 3, /I. The sap 
of leaves from phosphate-treated plot 5 w^as buffered considerably 
more than that of leaves from the nonphosphate plot 2 between the 
pH range of 5,5 and 11.0. 

Table 4. — Leaf- and stein-sap analyses of buckwheat from plots upon which 
different fertilizer treatments were used, Jan. 11, 1938 


Sap and plot no. 


_L 


Leaf saps: 

2 

ZlZll 

5 . 

6 . 

15. 

iS. 

Stem saps: 

3 . 

& . 

«. 



1 

H 1 

Acidity ^ 

Total 

P 2 OS 

Inorganic 

P2O5 

Conduc¬ 

tivity 

Total dry 
matter 


Cc 

P, p. m. 

P. p. m. 

Mhos. 

Percent 

5.52 

1.0 

528 


100 

16.37 

5.54 

.5 

791 



13.27 

5.62 

2.1 

2,396 

1,807 


13.97 

5.55 

2.0 

2,170 

1,929 

92 

14. 60 

5.89 

1.1 

925 

984 


14.29 

5.85 

.6 

602 



14.62 

5.71 

.9 i 

1,374 

1,310 


15.62 

5.60 

1.3 ^ 

2,182 

2,041 


14.14 

4.80 

1 2.0 

545 

548 1 

137 

15. 60 

4.70 

! 1.3 

553 

534 


13.81 

4.75 i 

1 2.7 

3,097 

2,930 


14. 21 

4. SO : 

2.4 

3,309 

3,604 

149 

14.20 

4.92 ^ 

2.0 

1,750 




4.75 ^ 

.9 

600 

580 


14.93 

5w02 

2.1 

2,544 1 

2,694 


16.17 

4.78 

2.9 

3,275 

3,478 


15. 27 


' i' tines are enblc centimeter of N/10 NaOH per 5 ec of sap 

. A' vatees e^nal reciprocal obms X 10"* at C. 
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A somewhat similar variation in buffer capacity is in evidence for 
the saps of the stems from both plots 2 and 5 B). The initial 

hydrogen-ion concentrations of these saps were distinctly higher 
than those from the leaves (fig. 3, A), however, and they were also 
more strongly buffered in the lower hydrogen-ion concentration 
ranges. The buffer 
capacities of the saps //i 

in the higher hydro- 
g e n - i o 11 concentra¬ 
tions were about the 
same for both leaf 
and stem. 

The total phos- ^ 

p h o r u s content of 
the stem saps was 
found to be greater 
than that of the 
leaves, the minimum 
and maximum values 
lieing, for the stem 
saps, 545 and 3,309 
p. p. m., and for the 
leaf saps, 528 and 
2,395 p. p. m. (table 
4). For both leaves 
and stems the total 
acidities and inor¬ 
ganic phosphates 
tend to vary rather ^ 

closely with the cor¬ 
responding content 
of total phosphate. 

Saps of buckwheat 
plants from the sol¬ 
uble-phosphate plots 
were about as high 
in phosphorus as 
those of the shallu 
from the same plots. ^ 

BUCKWHEAT VERSUS 

SHALLU / 
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Figure 3.—Titration curves of 15 ml of leaf sap (.4 1 and stem sap (B) 
of buckwheat plants, January 11, 1933. Plot 2 (fC received sulphate 
of potash only and plot 5 (b) reeeiv’-ed nitrates, sulphate of i>otash, 
and 43-percent superphosphate. 


Followdiig buck¬ 
wheat the plots 
were planted to peas, 
after which shallu 
W'as again seeded on 

April 28, 1933. Characteristic growth disturbances on the soluble 
phosphate plots 4, 5, and 16 were again, noted, except that they 
were not as severe as those of the March 19, 1932, harvest, dis¬ 
cussed above. Titration curves of leaf saps of plants from plots 
2 and 5 (fig. 4, A) show that the sap of plants from the nonphos¬ 
phate plot 2 was naturally well buffered and that the addition of 
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soluble phosphorus on plot 5 increased the buffer effect within 

the range pH 5.0 to above 9- , i i , x i 

Figui-e 4, B, shows that the buffer capacity oi buckwheat leaf 
sap is much less than that of shallu. Comparison of figures 3, A, 
and 4, A, further indicates that the addition of a soluble phosphate 
to plot 5 increased the buffer capacitj of buckwheat and shallu leaf 
saps to about the same degree. The total phosphorus in the saps 
of the shalluleaves was 1,664 and 3,498 p. p. ni. (table 6), respectively, 
for plots 2 and 5. Values from the same plots for the leaf saps of 
the previous buckwheat crop were 528 and 2,170, respectively (table 
4). Further discussion of these points will be taken up in a later 
section. 

Table 5. — Leaf-snp analyses of shallu from plots upon which different fertilizer 
ireabnents loerc used, July 5, 1933 


Plot : 

.Acid¬ 
ity 1 

Total 

PsOs 

Conduc¬ 
tivity 2 

Total 

dry 

matter 

Plot 

no. 

pH 

Acid¬ 

ity* 

Total 

P2O5 

Conduc¬ 
tivity 2 

Total 

dry 

matter 

j 

Cc \ 

P. p. rn. 

Mhos. ! 

Percent 



Cc 

P. p. rn. 

Mhos. 

Percent 

2.! 5.05 I 

1 50 i 

1664 

149 ' 

28.88 

5. 

4.98 

2.70 

3,498 

135 

26.4S 

3.: 5.35 i 

1.35 i 

1,941 

130 1 

24.84 

13.i 

5.40 

1.30 

1,266 

160 

27.59 

4.i 5.59 I 

2 .0Q ] 

2,222 

120 ! 

1 

22.25 

16. 

5.10 

2.35 

3,489 

131 

21.86 


’ Acidity values are cubic centimeter of N/10 NaOH per 5 cc of sap. 
‘ (..’oiiductiviiy values equal reciprocal ohms X 10"^ at 2S° C. 


RESULTS WITH SUGARCANE 

Sugarcane of the variety P. O. J. 2725 was planted in April 1931; 
on plots receiving the treatments outlined above. Table 2 gives the 
leaf-sap analysis for the sampling made June 1, while table 6 gives 
analyses for the sampling of August 29 from the same crop. It is to 
be noted that the sap phosphorus was largely inorganic in nature and 
that it was considerably higher in leaves from the soluble-phosphate 
plots 4 and 16. Total acidity values tend to follow those of total 
phosphorus but do not show a general increase corresponding to the 
increase in phosphorus in the sap of the more mature leaves of the 
sampling of August 29. Growth disturbances were distinctly in 
evidence on plot 16 and to a lesser extent on plot 4. 


Table 6 . — Leaf^ and stefu-sap analyses of sugarcane, P, 0. /. 2725, from plots 
upon which digevent fertilizer treatments were used, Aug, 29, 1932 


Sap and plot no, * 

1 

pH ! 

i 

1 

1 

Acidity 1 j 

Total 

P2O5 

Soluble 

solids 

Soluble 
solids per 
100 g tissue 

Conduc¬ 
tivity 2 

Total dry 
matter 

Ijeaves: j 


a 

P, p. m. 1 

Percent 

a 

Mhos 

Percent 

1. i 

5.60 1 

1.75 

3,670 

6.16 

55.3 

178 

28.56 


i 5.47 1 

1.50 

3,100 I 

6.74 1 

1 55.8 

178 

27,92 

4.: 

5.48 j 

2.45 

4,651 

6.16 j 

58.7 

177 

25.00 

6 ,...... 

5.72 

1 2.70 

3,947 

6.14 

55.5 

182 

i 28.24 


5.46 i 

1.75 

3,658 

6.44 

51.2 

176 

i 27.96 

16....' 

Stems: 

5.48 1 

2.95 

6,608 ^ 

6.24 

53.5 

180 

26.12 

1 .... 

6.56 1 

.70 

320 i 

9.14 

83.0 

48 

15.94 


5.96 1 

.20 

465 - 

9.74 

82.0 i 

47 

16.80 

i... 

5.79 ! 

.70 

1,325 

a74 

80.8 I 

53 

17.20 

.... . 

6.09 ! 

.40 

474: 

8.74 

81.3 

62 

17.11 

15 *..-... 

5.95 ! 

.20 

778 

10.04 

83.5 

48 

17.70 

16 .*_' 

, 5.54 ^ 

.90 

1,633 

9.54 

81.5 

64 ! 

17.75 


I Aefaiity Y@km are cubic esntimet^s of K/10 KaOH per 5 cc of sap. 
f valws eqtal i:wipKMal olmis X 1£H at 28® C. 
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It is of interest to note that while the stem sap of this variety of 
sugarcane was found to be much lower in phosphates and in total 
acidity than that of the leaf (table 6), treatment with soluble phos¬ 
phates caused a striking increase in these two factors. This marked 
effect of soil treatment with soluble phosphates upon the concentra¬ 
tion of this element in the stem saps of sugarcane was repeatedly ob¬ 


served in other exper¬ 
iments dealing with 
milling quality. 

RESULTS WITH CORN 

On February 2, 
1932, corn was 
planted on the entire 
plot series involving 
the phosphate 
sources. Analytical 
results for leaf sam¬ 
ples taken June 4 are 
recorded in table 2. 
Corn differed from 
the other crops stud¬ 
ied in that it took up 
phosphorus about 
equally well whether 
this material was 
applied in the soluble 
superphosphate form 
as in plot 4, or as 
finely ground raw 
rock phosphate as in 
plot 6. Lime again 
depressed the phos¬ 
phorus content of the 
sap of the plant (plot 

15) , while sulphur 
increased it (plot 

16) . Results with 
corn were similar to 
those with buck- 



wheat in that the 'fs(P/G 

a h S e n C ® of a phos 4 .—Titration curves of 15 ml of leaf sap from shaUu (.4) and 

phatic lertliizer (plot from buckwheat (B). Plot 2 (a) received sulphate of potash only 

2) caused a marked “^gtsphatef“‘'’“^ 
reduction in sap phos- 

phorus. Corn grew well on plot 13 to which lime and potash but no 
phosphorus was added, under wliich conditions buckwheat failed 
almost completelv. 

RESULTS WITH RAPE 


Figure 4.—Titration curves of 15 ml of leaf sap from shaUu C4) and 
from buckwheat (B). Plot 2 (a) received sulphate of potash only 
and plot 5 (5) received nitrates, sulphate of potash, and 45 percent 
superphosphate. 


Rape was planted on the entire plot series on December 18, 1932. 
Marked response to phosphate was shown early in the growth of this 
plant as recorded in figure 5. Unfortuna,tely buffer-curve data were 
not obtained but the comparative pH, acidity, and phosphate values 
for the leaf saps (table 7) indicate that they were in marked contrast 
with one another, possibly more so than for any of the other crops. 
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plots all of whicb received nitrates and potash with th' 
piKBpImIe ronree t-aried 'ss shown on page 389: A, Plot 3; plot 4; C, plot 13; Z), plot 15; E, plot 16. 
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Table 7. — Leaf-sap analyses of rape from plots upon which different fertilizer 
treatments were usedj Dec, 28, 1932 


pH 

Acid¬ 
ity I 

Total 

PaOs 

Conduc¬ 
tivity 2 

Total 

dry 

matter 

Plot 1 
no. i 

j 

! 

Acid- i Total 
ity^ ; P2O5 

CondLK-i 

Anatter 


Cc 

P. p. m,\ 

Most 

Percent 


i Cc P.p.m. 

yihoH Percent 

6.37 

0.65 

346 

100 

10-82 

13_i 6.51 

\ 0.25 < 370 ! 

138 ' 9.S2 

6.40 

.50 

385 

142 

11.15 

15_! 6.17 

1 . 70 1 764 1 

125 i a 01 

6.00 

.75 

1,961 

135 

9.99 

16_I 6.07 

1 1. 0(l| 2, 214 i 

135 , a 13 

6.39 

i 

.50 

560 

133 

9.14 

1 

i i 

! i 1 



1 Acidity values are cubic centimeters of N/IO NaOH per 5 cc of sap. 

2 Conductivity values equal reciprocal ohms X 30-^ at 28° C. 

Table 7 shows that the content of phosphorus was low in the sap of 
rape plants grown under the nonphosphate plots 3 and 13, and that it 
was from 5 to 6 times greater in those of the phosphate plots 4 and 16. 
Increases in plant growth in response to soil treatment with phospliate 
materials also were striking (%. 5). The effect of lime was very 
marked in depressing the phosphate concentration of soluble phos¬ 
phorus in the sap of the plants (table 7), and caused a near failure of 
growth on plot 13 wliich received lime alone without phosphorus 
treatment of any kind. 

SOLUBLE PHOSPHORUS IN PLANTS VERSUS THE PHYSIOLOGICAL EFFECTS OF 
PHOSPHATE ADDITIONS 

Since the growth of sliallu and, to a lesser extent, of corn and sugar¬ 
cane was adversely affected by the application of soluble phosphates 
whereas buckwheat and rape were distinctly favored by the same 
treatments, it is of interest to compare certain characteristics of the 
saps of these plants in an effort to develop some reasonable explana¬ 
tion for the observed differences in response. Perhaps the outstanding 
sap variation in this connection is that of phosphorus content, and, for 
purposes of comparison, these values are grouped in table 8. As 
might be expected, the leaves of shallu, corn, and sugarcane, being 
less succulent than those of rape and buckwheat, have a higher con¬ 
tent of soluble phosphorus. In a similar comparison of plants from 
plots 2 and 4, untreated and treated with superphoshate, respec¬ 
tively, it is seen that the content of sap phosphorus in the rape and 
buckwheat was increased nearly 400 percent, whereas in the shallu, 
corn and sugarcane the increase averaged less than 50 percent (fig. 6). 


Table S. —Sap phosphorus concentration of the leaves and stems of various crops 
grown on plots fertilized in the same way for each crop 


! 

Shallu 

Com, 
June 1, 
leaves 

Sugarcane 

Rape, 
Dec. 23, 
leaves 

Buckwheat 

Plot no. 

June 1, 
leaves 

Sept. 

20, 

leaves 

June 1, 

Aug. 29 

Jan.11 



leaves 

Leaves 

Stems 

' 

Leaves 

Stems 


P, p. m. 

P. p, m. 

P. p, m. 

P.p. m. 

P. p. m. 

P. p. m. 

P. p. TO. 

P, p. TO. 

P. p. m. 

9 

2,151 

2,048 

938 

1.158 

3,100 

465 

385 



4.' 

2,728 
2,667 

2,335 

1,882 

2,358 

4,651 

1,325 

1,961 

560 

2,395 

3,097 

6. 


2,326 

1,559 

1,500 

1,588 

3,947 

3,658 

474 

925 

1,7M 

15.-. 

2,057 

2,128 

778 

764 

1,374 

2,544 

16. 

3.824 


2,770 

2,344 

5,6(^ 

I 1,633 

2,214 

2,182 

j 

3, 275 
















VuL 51, no. 4 


298 Joiinial of Agricukural Research 


It is also to bo observed dig. 0) that pliosphorus concentrations run 
highest in slnillu, the crop most sensitive to an oversupply of phos¬ 
phorus, wlihe tie less sensitive crops, corn and sugarcane, come 
next in order in this respect. Kape and buckwheat showed the great¬ 
est phosphorus responses and had the greatest increases in the phos¬ 
phorus of the expressed saps. The graphs for all crops are closest 
together in soluble phosphate for plots 4 and 16, where not only the 
best growth response was obtained in some but most serious injury 
occmred in others. From these results it would seem that different 
plant species may require approximately the same concentration of 
soluble phosphorus in then saps and that the optimum concentra¬ 
tion is also rather near the point of physiological disturbance. 
Thus, rape and buckwheat might also be adversely affected by 
this relation in case they assmmated too much phosphorus, a con¬ 
dition that might aiise in a more acid soil. 




0 


SOLUBLE ICONCENTRATIONS OP 
PHOSPHORUS IN PLANTS VERSUS 
SPECIFIC CONDUCTIVITIES AND 
TOTAL SOLIDS OP THEIR SAPS 

As recorded in tables 2 to 7, 
analyses of the fresh saps of the 
crops discussed above also eni- 
braced determinations of their 
specific conductivities. Inspec¬ 
tion of these data fails to show 
any particular relation to phos¬ 
phate content. This is probably 
due not only to the contributory 
influences of other ions, such as 
Cl, Na, K, Ca, and SO4, but also 
to the comparatively low degree 
of ionization of organic and 
phosphoric acid radicals. 

For a given series of samples the total soluble solids of the saps 
(tables 2, 3, and 6) varied somewhat but only in an irregular manner. 
tVhile certain consistent variations occmTed as between different 
kinds of plants and between leaves and stems of the same plants it 
does not appear that these variations bear any significant relation to 
the physiological problems under discussion. 



pKiUEE G.—Phosphoras concentration in the leaf saps 
of shallu June 1; sugarcane June 1; com June l; 
buckwheat January 11; and rape December 23. All 
plots received potash and all received nitrogen except 
plot 2. The phosphate source varied as shown in the 
tabulation on page 289. 


DISCUSSION 

The assimilation of phosphorus tended to increase very apprecia¬ 
bly the total but not the active acidity of the plant saps studied. The 
buffer capacities of plant saps and the corresponding influence of 
phosphates have been dealt with from many angles and are reported 
in a literature much too extensive to be reviewed here. An excellent 
review of this subject is included in a recent paper by Hurd-Karrer 
{ 8 ). Considering the necessity for ample amounts of phosphorus 
for plant ^wth, it is fortunate that phosphate solutions are so well 
bufferedj since only slight changes in pH are possible without causing 
physiological disturbances. In the present instance, in fact, injury 
occurred without much change in pH, but rather in the presence of 
iai^e increases in total acidity and soluble phosphorus. It is signif- 
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icant to note that almost all of the sap phosphorus was inorganic, as 
characterized by the presence of the phosphate radical. 

As many inyestigators have pointed out, some plants are able to 
obtain’ a sufficient amount of phosphorus for optimum growth from 
a medium in winch other varieties would find insufficient amounts of 
that element. Under the conditions of the present experiments 
shallu, corn, and sugarcane are in the first group, since they did not 
respond to soil treatments with phosphatic materials of any kind, 
while rape and buckwheat belong to the second group. It is also of 
interest that the added phosphate caused rape to have a larger growth 
increase and a considerably greater concentration of phosphorus in 
the sap than was observed for any of the other crops of this study. 
Alway, Shaw, and Metldey (S) found that increase in the phosphorus 
content of rape due to fertilization with this element was greater than 
occurred in any of various crops grown in Minnesota peat soil. Hall 
(7) has reported that the imtabaga, which belongs to the same genus 
(Brassica) as rape, is a sensitive indicator crop for the need of phos¬ 
phorus in English soils. 

The concentration of phosphorus in the plant saps of the first group, 
mentioned above, tended to run much higher than in those of the 
se^iond group when comparisons are made upon plant materials taken 
from plots to which phosplioinis had not been added in any form. 
Since phosphorus concentrations in the saps of both groups tended to ap¬ 
proach each other in the presence of available soil phosphate, it would 
appear that the optimum concentration for growth is approximately 
the same for all plants studied. And, since some of the crops, such 
as shallu, were retarded in growth in the presence of certain of the 
more soluble phosphate carriers, it would also seem that the point of 
toxic concentration of this element, when assimilated into the plant, is 
not far above that of the optimum for normal plant development. 

It is perhaps premature to suggest that the presence of high con¬ 
centrations of soluble inorganic phosphorus in the saps of these plants 
was entirely responsible for the growth distmUances under discussion. 
Almost all of the vast amount of literature relative to phosphate 
fertilizers mention either a positive plant response or none at all. 
Alway, McAIiller, and Rost (£) found, however, that the addition of 
phosphate alone to a certain type of peat soil resulted not only in no 
benefit to the growth of any of the crops studied, but actually brought 
about decreases in the case of corn, flax, and sunflowers. However, 
phosphate combined vith potash increased the yields more than 
potash alone. It is significant to note that this depressing efl'ect of 
phosphorus, referred to by Alwa^', occurred in a peat soil but of a 
type quite different from that under consideration in this paper. 
Shive (10) also reports a condition of malnutrition in which mono¬ 
basic phosphates were, under certain conditions, toxic to soybeans 
grown in either soU or solution cultures. 

The physiological distm^bances that were observed in certain of the 
plants used in these studies appeared to be more severe at some 
periods than at other's. Thus shallu grew more normally at certain 
sefsons when its sap contained as much soluble phosphorus as was 
foimd at other times when more serious injury developed. It is 
thought possible that this inimical effect of soluble forms of phos¬ 
phorus may be more or less associated vith rainfall and soil-moisture 
conditions. Relations of this type are under observation, and work 
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is being continued on the phosphorus response of plants growing in 

organic soils, 

SUMMARY 

Fresh-sap studies were made of the Iciives, and in some^ cases of 
the stems, of five different plants growing under field conditions on 
the cliameteristic bro\ra fibrous peat of the Everglades. The plots 
were fertilized in a systematic manner, the most important variable 
being the carrier of the phosphorus. 

The total soluble phosphorus of the saps of these plants w^as much 
increased by soil dressings with soluble phosphates. Lime acted to 
reduce and sulphur to increase the assimilation of phosphorus in all 
plants studied. Total acidity and the total amount of inorganic 
pliospiioriis tended to vary directly writli the concentration of soluble 
|)liosphoFus in the sap. Active acidity of the plant sap, expressed as 
pH values, changed inappreciably as a result of different phosphatic 
treatments, whereas the buffer capacities were much greater in the 
saps of iiigh phosphorus content. Neither the specific conductivities 
nor the total soluble solids of the saps appeared to have any definite 
relation either to phosphorus concentration or to physiological injury. 

The crops that responded unfavorably, if at all, to phosphorus were 
those of winch the saps were relatively high in phosphorus in the 
absence of soil treatment with a phosphate carrier. Those that 
responded favorably, on the other hand, contained sap relatively low 
in phosphorus. 
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COMPOSITION OF THE LEAVES AND STALKS OF BAR¬ 
LEY AT SUCCESSIVE STAGES OF GROWTH, WITH SPE¬ 
CIAL REFERENCE TO THE FORMATION OF LIGNIN' 

By Max Phillips, senior chemist, and M. J. Goss, associate chemist, Chemical 

and Technological Research, Bureau of Chemistry and Soils, United States 

Department of Agriculture - 

INTRODUCTION 

In two previous publications {5, 27y from the Bureau of Chemistry 
and Soils, results were presented on the lignin, methoxyl, cellulose, 
ash, and silica content of the leaves and stalks of lodged and iinlodged 
wheat plants harvested at various stages of growth. The results 
indicated that the percentage of lignin increased with the age of the 
plant and that the stalks of the lodged plants in every case contained 
a higher percentage of lignin than the stalks of the unlodged plants. 
Because of the general interest in the chemistry of lignin from annual 
plants, particularly from cereal plants, it seemed advisable to make a 
more extensive study of the formation of lignin by the plant and to 
determine, if possible, its interrelationsliip with other plant compo¬ 
nents, An opportunity for making such a study was presented 
when Merritt N. Pope, of the Bureau of Plant Industry, placed at 
the writers’ disposal samples of barley plants harvested daUy from 
the time the plants emejged until maturity. The samples selected 
for analysis represented for the most part weekly intervals in the 
development of the plant. At certain stages in the growth of the 
plant, samples were taken at more frecpient intervals. 

The present paper deals vith a study of the composition of the 
leaves and stalks of barley at successive stages of growth. Inasmuch 
as the primary interest in this investigation was the development of 
lignin in the plant, it seemed best to confine the study to an examina¬ 
tion of the several components of the stalk and leaves. 

REVIEW OF LITERATURE 

Lawes and Gilbert {17) in 1884 analyzed samples of wheat plants 
taken at difierent stages of development. They determined the 
percentages of dry matter, ash, and nitrogen, and found that the 
pejcentage of ash decreased steadily as the,plants grew older. 

Kedzie {14) iu 1893 reported that the higher the percentage of 
crude protein of wheat straw, the lower the percentage of crude fiber 
and the higher its feed value. As the term crude fiber” includes a 
heterogeneous group of chemical substances, his results ax'e diflficult 
to interpret in terms of definite chemical components. 

Shaw and Wright {32) studied the chemical composition of sun¬ 
flower and corn plants at different stages of growth. The percentages 
of reducing and nonreducing sugars in the sunflower declined some- 

1 Received for publication Apr. 13,1935; issued October 1935. 

3 The writers express their thanks to Merritt N. Pope, of the Division of Cereal Crops and Diseases, 
Bureau of Plant Industry, U. S. Department of Agriculture, for his kindness in supplying the barley plants 
used in this investigation. 

3 Reference is made by number (italic) to Literature Cited, p. 318. 
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wliat irregiilariv but persistently during the growth of the pknt. 
The percentages of reducing and noni*educing sugars in the corn 
plant in the early stages of growth were found to vary somewhat, but 
with a marked upward trend. However, a sudden drop occurred 
when the kernels were maturing. The percentage of total protein of 
the sunflower and corn plants decreased as the plants matured. 

Ter Hulst, Peterson, and Fred (33) found that the actual weight 
as well as the percentage of “pentosans^’ of the corn plant increased 
as the plant matured. These authors determined the percentage of 
**pentosans” in the conventional manner, whereby the total furfural 
obtained when the plant material is distilled with 12 percent hydro¬ 
chloric acid is calculated as percent pentosans. However, uronic 
acids and Cross and Sevan cellulose also yield furfural when distilled 
with acid, so that the values reported by these investigators include 
several furfural-yielding components calculated as pentosans. 

Beckmann, Liesche, and Lehmann (3) determined the lignin con¬ 
tent in the leaves and stalks of the rye plant at different stages of 
growth. Although the method they employed for estimating the 
percentage of lignin is far from satisfactory, their results inficate 
that the percentage of lignin and the percentage of methoyxl in the 
lignin increased as the plant matured. 

Dustman and Slniver (7) reported on the chemical composition of 
Ambmsia irlMa (giant ragweed) liarvested at different stages of 
growtli. The analytical methods were the conventional ones em¬ 
ployed in feed-control work. Tliey foimd that during blooming 
tiiiic, the |)ercentiiges of crude protein and nitrogen-free extract 
were the highest. In the later stages the percentage of crude fiber 
increased. The percentage of pentosan increased as the plant 
matured. 

^ Phillips, Davidson, and Weihe (27) determined the percentage of 
lignin, inethox 3 d, cellulose, methoxyl in the lignin, nitrogen, ash, and 
silica in the leaves and stalks of lodged and nnlodged wheat plants 
harvested at various stages of growth. Their results indicate that the 
percentages of methoxyl, lignin, cellulose, and silica in the stalks 
increased with the age of the plant, whereas the percentages of total 
nitrogen and ash decreased. The percentages of methoxyl in the 
lignin from the lodged and unlodged stalks increased at first, but 
decreased slightly as the plants matured, 

Malhotra (18^ 19) determined the percentages of moisture, petroleum 
ether extractives, ash, sugar, starch, hemicelluloses, and total nitrogen 
m hard winter wheat harvested at successive periods of growth. The 
percentage of petroleum ether extractives was at maximum during 
maturity. The percentage of ash was high in the early stages of the 
cleveiopment of the plant, then decreased. The percentage of sugar 
was at a minimum at the beginning; it increased later and finally 
deereased again. The percentage of the hemicelluloses (determined 
by hydrolyzing the plant material with 2.5 percent of hydrochloric 
acid for 4 hours and then determining the reducing sugars formed) 
increased somewhat during the winter months, then rose rapidly in 
the spring and finally decreased as the plant matured. Malhotra's 
results in the hemicellulose, content have been criticized by Norman 
mjmtkB ground that the analytical method employed is not 
specific for this class of siibstanc-es. The percentage of total nitrogen 
was lower at first, but it increased during the later stages. It is not 
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clear^ however^ whether the figures represent the percentage of nitro¬ 
gen in the entire plant or only in the straw. Cellulose, pentosans, 
and lignin were not determined, although these three components 
constitute the largest percentage of the organic matter of the stalks, 
particularly at or near maturity. 

Norman {21) analyzed barley plants at various stages of growth. 
The percentages of ash and crude protein showed an initial increase, 
followed by a steady fall as development proceeded. The percentage 
of Cross and Bevan cellulose and the percentage of total furfural 
increased as the plant matured. The percentage of pentose (cal¬ 
culated as arabinose) was icregular, but was lower in the mature 
plant than in the young plant. The percentage of lignin increased 
steadily until the last two sampling periods, and then decreased, 
presumably because of the increased weight of the gram. Norman’s 
figures on the peinentage of lignin differ from those recorded in this 
paper, chiefly owing to the fact that different methods were employed 
for the quantitative estimation of lignm. These lignin values will 
be discussed later in this paper, when a comparison is made between 
the results obtained in this investigation and those recorded by 
Norman. 

There has been considerable speculation concerning the nature of 
the precursors of lignin. Cross and Bevan {4^ pp, 177-181)^ Konig 
and Bump {16, p. 82), and more recently, Fuchs {10, 11) have sug¬ 
gested that cellulose is the parent substance from which lignin is 
formed. Other investigators, such as Edason {15) and Rassow and 
Zschenderlein {29) have advanced the hypothesis that lignin is formed 
by the plant from pentoses or pentosans. The two investigators 
last mentioned found that plant substances high ha lignin were low 
in pentosans, and vice versa. The possibility that soluble carbo¬ 
hydrates, pentoses, methylpentoses, and hexoses may be used by the 
plant in the formation of lignin has been suggested by Schrauth {21), 
Von Euler {9), and Oden {22). 

Candlin and Schryver (S) have pointed out that lignified tissues 
contain lignin and hemicelluloses in relatively large amounts with 
only traces (if any) of pectins. Nonlignified tissues, on the other 
hand, contain relatively large amounts of pectin, small amounts of 
hemicelluloses, and no lignin. They failed, however, to find any 
direct relationship between pectin and lignin, although by the treat¬ 
ment of pectin with alkali they obtained a product having properties 
similar to those of the hemicelluloses. More recently, Ehrlich {8) 
has put forward the hypothesis that pectin is the precursor of lignin. 
He isolated a fraction from hydropectin which resembled lignin in 
certain respects; it contained methoxyl to the extent of 11.6 percent, 
and its percentages of carbon and hydrogen were of the same general 
order of magnitude as those recorded for lignin. He assumes that 
enzymatic and chemical reactions take place during the developrnent 
of the plant to maturity, bringing about the conversion of pectin into 
lignin. 

MATERIAL AND METHODS OF ANALYSIS 

The barley plants {Hordeum distichon palmella, subvariety Hann- 
chen) used in this investigation were grown under irrigation at Aber- 
deen, Idaho. The barley seeds were sown on May 9, and the plants 
emerged on May 19. The age of the plants was determined from 

24536—35-2 
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the day tliey emerged. Samples were taken dail}^ between 8 and 
II a. liL For this investigation, however, most of the analyses were 
made on samples taken at weekly intervals, although, as previously 
iiieiitioned, samples were taken more frequently at certain stages in the 
ilevelopment of the plants. The plants were taken up by the roots, 
freed of soil, and air-dried. The roots were cut off, and later, during 
heading time, the heads were also cut off, and both were discarded. 
The stalks and leaves were ground fine enough to pass through a 
iiO-niesh sieve, and dried in an oven at 100° C. For the determination 
of the percentages of alcohol-benzene, cold and hot water, and 1 
percent of hydrochloric acid extractives, as well as for the determi¬ 
nation of lignin, plant material ground to pass through an 80-mesh 
sieve was used. The following determinations were made, oven- 
dried plant material being used for each. 

Ash. —This was determined in the usual manner by igniting a 
weighed sample with a Bunsen burner and weighing the inorganic 
residue. 

Nitrogen. —All nitrogen determinations were made in the usual 
manner by the Kjeldahl-Gunning-Arnold method (1). 

Methoxyl in original plant material. —The percentage methoxyl in 
the dried unextraked plant material was determined as described by 
one of the writers in a previous publication {26). The methyl iodide 
was absorbed in pyridine. 

Methoxyl in extracted plant material. —The plant material was suc¬ 
cessively extracted vith a 1 : 2 alcohol-benzene solution, cold water, 
hot water, and a 1-percent hydrochloric acid solution, and the per¬ 
centage loss in weight due to these extractions was determined. 
This operation removed fatty and waxy substances, water-soluble 
earboliydrates, and proteins, and it also removed any methoxyl 
groups occurring as methyl esters of organic acids, such as, for ex¬ 
ample, is found in the pectins. The percentage of methoxyl in the 
plant material left after extraction was then determined by the 
method referred to above, and the result was calculated on the basis 
of the original unextracted material. The percentage of methoxyl 
thus obtained represents essentially lignin methoxyl, together with 
some firmly bound methoxyl occurring in some other components of 
the plant. 

Alcohol-benzene extractives. —These were determined by extracting 
a weighted sample in a Soxhlet extractor for 30 hours with a 1 : 2 
alcohol-benzene solution, and ascertaining the loss of weight. 

Cold-water exiradives .—To a we%hed sample of the dry material 
which had been extracted with alcohol-benzene solution as described 
above, distilled water was added in the proportion of 150 cc to 1 g 
of sample and allowed to digest at room temperature with frequent 
stirring for 48 hours. The loss in weight after extracting and redrying 
was calculated on the basis of the original xmextracted material. 

Hot-water extractives* —A weighed sanaple of the dry residue from 
the previous extraction wms treated with distilled water in the pro¬ 
portion of 150 cc of wmter to 1 g of sample and boiled under a reflux 
condenser for 3^ hours. The loss in weight was calculated on the 
basis of the original dry unextracted material. 

^ Onc-percmt hydrocMorie axid extradims. —A weighed sample of the 

E t materkl which had been successively extracted with alcohol- 
ene solution, cold water, and hot w^ater, as described above, was 
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treated with, a 1-percent hydrochloric acid solution in the proportion 
of 150 cc of acid solution to 1 g of plant material and boiled under a 
reflux condenser for 3 hours. The loss in weight was calculated on 
the basis of the original dry unextracted material. 

Total extractives ,—This represents the sum of the percentages of 
the alcohol-benzene, cold-water, hot-water, and 1-percent hy^o- 
chloric acid extractives. 

TJronic acid anhydrides .—These were determined in the dry un¬ 
extracted material according to the procedure recommended b}^ 
Dickson, Otterson, and Link (d), as modified slightly by Phillips, Goss, 
and Browne {28). The uronic acids are present in the pectins and 
in the hemicelluloses. 

Total furfural .—This was determined in the dry unextracted plant 
material by the method of the Association of Official Agricultural 
Chemists {!). 

Pentosans .—^From the percentage of total furfimai determined as 
described above, one-sixth of the percentage of uronic acid anhydrides, 
determined by the method referred to above, was deducted, and the 
result was calculated as percentage pentosans. The figure thus ob¬ 
tained represents the sum of the furfural yielded by the pentoses of 
the polyuronides,^ plus the furfural of the Cross and Bevan cellulose, 
all calculated as percentage of pentosans. 

Cross and Bevan cellulose .—This was determined by the method 
described by one of the writers in a previous publication {26). The 
percentage of ash in the Cross and Bevan cellulose was determined, 
and the result was calculated on the basis of ash-free material. 

Furfural in Cross and Bevan cellulose .—This was determined by the 
method of the Association of Official Agricultural Chemists {!). The 
percentage of furfural was calculated on the basis of ash-free Cross 
and Bevan cellulose. 

Cellulose .—The Cross and Bevan cellulose consists essentially of 
two components, a ^Hrue” cellulose fraction and a furfural-yielding 
fraction, which in all probability is xylan {20). In order to ascertain 
the ‘rirue cellulose content of the material, the percentage of furfural 
in the Cross and Bevan cellulose determined by the method referred 
to above was calculated as percentage of pentosans, and when this 
was deducted from the percentage of Cross and Bevan cellulose, the 
result was the percentage of “true^^ cellulose in the sample. 

Lignm .—The lignin determinations were made on plant material 
which had been extracted with alcohol-benzene solution, cold water, 
hot water, and a 1-percent hydrochloric acid solution, according to 
the procedure described above. The lignin was determined by the 
fuming hydrocldoric acid method described by one of the writers in 
a previous publication {26). Three samples were W'eighed, and in the 
lignin residues from the first two samples the percentages of ash 
and nitrogen, respectively, were determined; in the lignm residue 
from the third sample the percentage of metho^^l was determined. 
Corrections were made for the nitrogen and ash in the lignin. ^ 

Methoxyl in ashfree lignin .—^The percentage of m ethoxy 1 in the 
lignin residue was determined by the method referred to above, and 
the result was calculated on the basis of ash-free lignin. 

1 The term “polyuronides” was introduced into chemical literature by Candlin and Sehryver (5?). It 
refers to a group of substances, widely distributed in the plant kingdom, which are formed by the conjugation 
of certain sugar acids (glucuronic and galacturonic acids) with sugars. The hemicelluloses and the pectins 
are, therefore, polyuronides. 



Tabi.k 1. -Ptra iilayv com position of baric ij plants at tlijhrtnt sloffcs of yrotcth 
iK^-sults oaloiilftted on thci buste of ovon-tlriod material. Figiirtis in imrontheses give iierceiitamH on the basn of a- h free maferiall 



2 Oorrecteti for furfural from uroiiic acids. 

3 _^sb*(re0 basis. 

< This sample was a composite of plants that were 1, 2. 3, 4, 5, 6, and 7 days old, respectively. 

5 This sample was a composite of plants that were S. 9,10,11,12,13, and 14 days old, respectively. 
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Meihoxyl in pure lignin .—The percentage of metlioxyl in the lignin 
residue was determined, and the result was calculated on the basis 
of ash-free and crude protein-free (NX6.2o) lignin. It is necessary 
to emphasize in this connection that the term '^pure lignin ” is used 
merely to designate the lignin residue from which proper deductions 
were made for ash and crude protein, and should not be confused 
witli the term as applied to crystalline organic compounds. 

RESULTS 

The results obtained are given in 3 tables and illustrated graphi¬ 
cally in 6 figures. Table 1 shows the percentage composition of 
barley plants at different stages of growth. 



Figure l.—Percentages of ash and nitrogen in leaves and stalks of barley plants at successive stages of 
growth. (The nitrogen values are on ash-free basis.) 


ASH 

After an initial rise in the percentage of ash, which reached a 
maximum of 16.48 percent in the third sampling period, there was a 
progressive although somewhat irregular^ decrease as the plants grew 
older (fig. 1). This is in agreement with the results obtained by 
Lawes and Gilbert {17). Results of a similar natui-e were obtained 
with wheat plants by Phillips, Davidson, and Weihe {27), and by 
MaUiotra {18, 19). 'Norman {21), working vith barley plants, also 
obtained results of a similar character. 

NITROGEN 

The percentage of nitrogen also showed an increase in the early 
stages of growth, after which there was a steady decrease (fig. 1). 
The data obtained by Shaw and Wright {32) in their studies on the 
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|)erceiitu 2 :e of iiitro_i^eii in the corn plant at different stages^of growth 
showed a siiiiiiai tendency. Phillips, Da.vidson, aiid^"l\eihe (27) 
foiiiid li similar decline in the percentage of nitrogen in plants at 

different stages of growth. 

METHOXYL IX ORIGINAL PLANT MATERIAL 

In deteriiiiiiiiig the percentage of methoxyl in a plant material by 
tlie Zeisel method t.ddj, one obtains not only the percentage of meth- 
i“>xvl fcuiiid in methyl ethers, but also that present in esterlike com- 
bifiation, as in pectins and' in the inethyl esters of organic acids 
generally. The iigires listed under this heading represent, therefore, 
file total inethoxjd content of the plant material, that is to say, the 



jjGvm 2.—Perceiitages df m^tbosyl in original plant maierial, methoxyl in extracted plant material, 
and methoxyl in “pure'’ lipin (all on ash-free basis) in leaxresand stalks of barley plants at successive 

stages of growth. 


simi of the percentage of methoxyl present either in the form of 
methyl ethers or methyl esters. In the early stages of growth the 
percentage^ of methoxyl in the plant material was fairly constant 
(fig. 2). Subsequently there^was^a progressive rise, presumably 
caused by the process of lignification, which is accelerated as the 
pknt grows older. The results obtained by Phillips, Davidson, and 
Weihe i^7) with wheat plants-show a similar trend, although the 
percentages of methoxyl in the culms of the mature wheat plants 
m^ere higher than those recorded in table L 

METHOXYL IN EXTRACTED PXANT MATERIAL 

^ The percentages of methoxyl in extracted plant material recorded 
la table 1 represent essentially methoxyl groups present as methyl 
ethers. The percentages of methoxyl recorded here represent es- 
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sentially lignin methoxyl groups^ salthough. not entirely, as will be 
pointed out later. It will be notied that in this case, as in methoxyl 
in original plant material, the p»ercentage of methoxyl increases with 
the age of the plant (fig. 2). It wdlLbe noted also that the percentage 
of lignin likewise increases as the plant grows older, so that, on the 
supposition that the methoxyl in the extracted plate m^iterial rep¬ 
resents essentially lignin methoxyl., the results are wliRt one would 
expect. 

ALCOHOL-BEN'ZBTE EXTRACTIVES 

The alcohol-benzene extractiwes include a heterogeireous class of 
compounds, as the solvent employed removes various resinous, fatty, 
or waxy substances. The results show that there was n decrease in 
the percentage of alcohol-benzenri extractives as the plants grew 
older. From a percentage of mom than 30 in the seecuid samplmg 
period, it decreased to 13.54 perecent in the last satnpLiag period". 
The decrease, however, was neither even nor regular. 

COLD- AND HOT-mTER EXTRACTIVES 

After a slight decrease in the second and third sampling periods, 
the percentage of cold-water extrafic-tives increased, reacrhisig a maxi¬ 
mum in the fifth samplmg perioi. The percentage then declined 
rapidly, although not in a regular manner. The perceoifcage of hot- 
water extractives at first decliued from 6.65 (calculated on ash-free 
material) to 4.96, then it increased until it reached a maximum of 7.11 
in the seventh sampling period. ^ Subsequently, howevm,. it declined 
again, so that in the last sampling period the percentage amounted 
to only 3.05. 

l-PERCENT HYDROCHLOmC-ACID EXTRACTIVES! 

The data on the 1-percent hydi’^ ehloric-acid extractires are irregu¬ 
lar, partly ovung to the heterogesn^eus nature of the estvact, as the 
treatment with acid hydrolyzes some of the hemicelluloses, the poly¬ 
uronides, the pentosan fraction of the Cross and Bevair cellulose, and 
perhaps some of the proteins. 

TOTAL EXTRACTIVES 

The figures presented under this heading represent the sum of the 
percentages of alcohol-benzene, c^li water, hot water, and 1-percent 
hydrochloric acid extractives. The percentage of total extractives 
decreased as the plant grew older. There was a slight increase in the 
second sample, as compared witli the first. Subsequently, there 
was a gradual decrease in the percentage. Attention is called to the 
fact that, particularly in the early stages of the development of the 
plant, approximately 80 percent oi the plant substance enn be removed 
by successive extraction with 1:2 alcohol-benzene solutions cold water, 
hot water, and hot 1-percent hydrochloric acid. 

UBONiaACIDS 

The percentage of uronic acids (cjalculated as anhydrides) increased 
during the early development of the plant and reacted a maximum 
when the plants were 29 days old (fig. 3). After that there w^as a 
gradual, though not altogether regular, decrease in the percentage of 
uronic acids. These acids are found cMefly in two structural com- 
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pnuont# of tiie plant, namely, the pectins and the hemicelluloses 
As the plants erow older, the pectin content, particularly of hgnified 
tissues, decreases, so that the tironic acids in the plant would naturally 
show a decrease. Moreover, the pectins contain a much greater 
percentage of uronic acids than do the hemicelluloses, so that the 
decrease in pectin would account for a much greater loss in percentage 
of uronic acids than an equal loss in the hemicelluloses. Attention 
is called aaain to the observation of Candlin and Schryver {S, p. 376): 



FiGUSE a.—Percentages of uronie-acid anhydrides, pentosans, and lignin in leaves and stalks of barley 
plants at successive stages of growth. 


Lignlfied tissues contain lignins and hemcelluloses in relatively large amounts, 
with only traces {if any) of pectins. Non-lignified tissues, on the other hand, 
contain relatively large amounts of pectins, small amounts of hemicelluloses, and 

no lignm. 

TOTAL FURFURAL AND PENTOSANS 

Tke furfural obtained when plant material is distilled with 12- 
percent liydrocHoric acid is derived from two groups, namely, the 
pentos^ or pentosans, and the uronic acids. These two groups are 
found in^ the. gums, hemicelluloses, and pectins. A pentose or pen- 
tean umt is also associated with the cellulose in the Gross and Be van 
' cettalose. The figures on the total furfural in the leaves and stalks 
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of the barley plants represent, therelorefthe sum of the percentages 
of furfural yielded by the uronic acids and the pentose or pentosan 
units. The percentage of furfural increased with the increase in the 
age of the plant. 

The ^ figures on the percentage of pentosans were obtained by- 
deducting from the percentage of total furfural the percentage of 
furfural arising from the uronic acids (the uronic acids yield one-sixth 
of their weight of furfural) and calculating the difference as pentosans. 
These^ figures represent, therefore, the total pentose or pentosan 
units in the plant material, irrespective of whether these units occur 
in the gums, hemicelluloses, pectins, or in Cross and Be van cellulose. 
Table 1 and figure 3 show that while in the second sampling period 



FiGUKE 4.—Percentages of Cross and Sevan cellulose and cellulose in leaves and stalks of barley plants 

at successive stages of growth. 


there was a small decrease in the percentage of pentosans as compared 
with the material from the first sampling period, the plants from the 
subsequent samplings, with one exception, showed a steady increase 
until maturity, when the highest percentage was obtained. 

CROSS AND SEVAN CELLULOSE, FURFURAL IN CROSS AND BEVAN CELLULOSE, AND 

CELLULOSE 

The percentage of Cross and Bevan cellulose, as well as the per¬ 
centage of cellulose, increased rapidly as the plant grew older (fig. 4). 
The maximiun percentage was reached when the plants were 70 da^^s 
old. After this, as the plants matured, the percentages of Cross and 
Bevan cellulose, as weU as cellulose, decreased slightly. When taken 
in conjunction with the data on the lignin content at various stages 
of growth of the plant, these data are interesting. As both the 
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pereeiiiaire of cellulose and tlie percentage of lignin increased as the 
plants grew older^ there is no direct evidence that the %nin increased 

at the expense of the cellulose. 

The percentages of fiirfiu’al in the Cross and Bevan cellulose 
increased as the plants grew older. The increase, however, was 
neither consistent nor even. The maximum percentage was reached 
when the plants were 77 days old, after winch there was a decrease, 
and at maturity the percentage amounted to 13.84, as compared with 
17.471 when the plants were 77 days old. 

LION IN, NITROGEN, ASH, AND METHOXYL IN LIGNIN 

Table i and ligure 3 show that the lignin increased consistently as 
die plants grew older. In the first sample the percentage of lignin, 
i-alciilated on the organic portion of the plant material, amounted to 
1.71, and in the last" sample, when the plants were mature, the per¬ 
centage of lignin was S.SG. The lignin values obtained in this investi¬ 
gation are quite different from those recorded by Norman {21)^ 
although the tendency was the same. According to the results of 
this investigator, the yoimg seedlings contained more than 14 percent 
of lignin. The percentage of lignin then increased until a month 
before maturity, when it amounted to 19.7, after wliich there was a 
slight fall. The decided difference between the lignin values recorded 
in tills paper and those reported by Norman is due to the fact that 
different methods w^ere employed for the quantitative estimation of 
lignin, Norman using the old method of Ost and Wilkening {2^). 
While none of the methods now employed for the quantitative 
estimation of lignin is entirely free from criticism, the method of 
Ost and TTilkening is particularly objectionable, as the residue ob¬ 
tained when the plant material is hydrolyzed with 72 percent sulphuric 
acid is assumed to be lignin. This is now known to be incorrect, as 
certain fatty or waxy substances and their degradation products are 
not removed by the treatment with 72 percent sulphuric acid, and 
are weighed along with the lignin. Moreover, as was shown by 
Paloheimo (2d), and recently corSumied by Hilpert and Littmann (IS), 
certain carbohydi'ates when treated with 72 percent sulphuric acid 
yield insoluble huminlike products. These complexes, therefore, 
would also be weighed along 'with the lignin. Furthermore, according 
to the method of Ost and Wilkening, no correction is applied for the 
nitrogenous complexes with which the lignin residue is nearly always 
contaminated. WTiile the percentage of nitrogen in the lignin residue 
of wood is generally small, this is not the case in the lignin residue from 
young plants. Attention is called to the nitrogen values in the 
crude hgnm recorded in table 1 and shown graphically in figure 5. 
The percentage of nitrogen in the lignin residue from the first sample 
amounted to nearly 7. As the plant grew older, the percentage of 
nitrogen in the lignin residue decreased, until in the lignin from the 
mature plant it amounted tO’ only 1. No doubt this was due to the 
general dimimition in the nitrogen content of the leaves and stalks 
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as the plant grew older. (See figures in table 1 on percentage of 
nitrogen in original plant material.) The high lignin values obtained 
when the Ost and Wilkening method is used for the determination of 
lignin in such materials as young and mature barley plants undoubtedly 
are due to a contamination of the crude lignin residue with nitrog¬ 
enous complexes, with huminlike products derived from certain 
carbohydrates, and with fatty or waxy products and their degradation 
products. Norman recognized the unsatisfactory character of the 
method he employed for the determination of lignin, and he states 
that ^Hhe figures are presented with some reserve.” 



The figures on the percentages of metho:?^! in the ash-free lignin 
and in the so-called “pure” hgnin (fig. 2) indicate a decided difference 
in the composition of lignin, at least so far as its degree of methylation 
is concerned, isolated from plants at different stages of development. 
As the plant grows older, not only does the percentage of lignin 
increase, but there is also a steady increase in the percentage of 
methoxyl in the lignin. 

The percentage of ash in the lignin varied considerably. After an 
initial increase it decreased, but not consistently (fig. 5). 
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Tvble •2.—Pc:ccafaqe nf furfural yielded by several components of barley plants at 
successive stages of growth 


[Results calculated on basis of ash-free plant material] 
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5 By dilTerence. , ,, , 

2 This sample was a composite of plants that were 1, 2,3, 4, 5, 6, and i days old, respectively. 

2 Thisi sample was a composite of plants that were S, 9,10,11,12,13, and 14 days old, respectively. 


Table 2 shows the percentages of furfural yielded by several 
components of the leaves and stalks of the barley plants at successive 
stages of growth (fig. 6). Instead of calculating the percentage of 
total furfural as pentosans in the conventional manner, an attempt 
was made to separate the percentages of furfural yielded by the 
several components of the plant material, thus afibrding a more 
accurate picture of the development of the furfural-yielcEng com¬ 
ponents. The figures in the second column are taken from Table 1 
and are inserted here for the sake of completeness and comparison. 
The figures in the third column were obtained by dividing the per¬ 
centages of uronic anhydrides by 6 (the uronic acid anhydrides yield 
one-sixth of their weight of furfural). The figures in the fifth column 
w^ere obtained by muJtipljing in each case the percentage of Cross 
and Bevan cellulose by the percentage of furfural in the Cross and 
Be van cellulose, and dividing the result by 100. The figures in the 
seventh column were obtained in each case by subtracting the sum 
of the percentages recorded in the third and fifth columns from the 
percentage of total furfural given in the second column. The figures 
given in the last column were calculated from those recorded in the 
seventh column, taking into consideration the fact that xylose yields 
only 90 percent of the theoretical quantity of furfural. Table 2 and 
figure 6 show that after a slight initial increase the percentage of fur¬ 
fural yielded by the uronic acids tended to decrease as the plants 
matured. The percentage of furfural yielded by the Cross and Bevan 
eelulose showed an upward trend, with a small decrease in the last 
two sampling periods. In general, the results indicated that the per¬ 
centage of furfural-yielding fraction of the Cross and Bevan cellulose 
increased as the plants matured, and in the later stage of the develop- 
'^nt (77 days), it furnished more than 50 percent of the total furfural. 
juQS percentage of furfural due to the pentoses of the polyuronides 
wowed a decrease in the first few weeks of the development of the 
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plants, and then it suddenly increased to such an extent that at 
maturity 56 percent of the total furfural was furnished by the pentoses 
of the polyuronides. The figures in the last column, of course, show 
the same tendency as those recorded in the seventh column. 

Data are presented in table 3 on the distribution of the firmly 
bound methoxyl groups between the lignin and the nonlignin con¬ 
stituents of the barley plants at successive stages of growth. The 
table shows that the weight of lignin methoxyl in foo g of plant 
material increased consistently as the plant matured, but the per¬ 
centage of lignin methoxyl calculated on the basis of the total firmly 
bound methoyxl did not increase in a regular fashion, although the 
figures show an upward trend. In the mature plants, from 75 to 
80 percent of the total firmly bound methoxyl is found in the lignin. 
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Figure G.—Percentages of furfural yielded by several components of leaves and stalks of barley plants at 

successive stages of growth. 


The percentage of methoxyl not in the lignin decreased, in the main, 
as the plant matured. In the early stages of the development of the 
plant, the percentage of methoxyl not in the lignin seemed rather 
liigh. It has been shown by O'Dv^er (^5), Schmidt and his co¬ 
workers ( 30 ), and Hagglund and Sandelin (i^) that in wood some 
firmly bound methoxyl groups are found also in the carboh^^drate 
fraction, although the percentages recorded by these investigators 
are lower. Whether the firmly bound methoxyl obtained from the 
nonlignin constituents of the plant material represents real methoxyl 
groups or methyl groups attached directly to carbon which have been 
split out by the hydriodic acid employed in the determination of 
methoxyl is not known. The nature of the substance or substances 
yielding the firmly bound methoxyl not associated with the lignin 
merits further investigation. 
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Table of firmly hound meihoxyl between lignin and nonlignin 

const Hu €?its of barley plants at successive stages of growth 
I Results calculated on basis of ash-free plant material] 



Age of plants? (days) 

1 

1 Firmly 

1 bound j 
metfaoxyl 
in 100 g of 
plant 
material 

Lignin 
methoxyl 
in 100 g of 
plant 
material 

1 

Lignin 

methoxyl 

Methoxyl 
not in 
lignin 


Grams 
0.16 i 

Grams 

Percent of 
total 

Percent of 
total 


.16 

0.09 

56.2 

43.8 

‘IJ 

.18 ! 

.13 

72.2 

27.8 


.25 

.18 

72.0 

28.0 


.36 

.24 

66.6 

33.4 

.. . . 

42 .-.. 

.73 

.38 

52.0 

48.0 

49 . ....... 

1.18 

.73 

61.8 

38.2 


1.36 

.94 

69.1 

30.9 


1,52 1 

1.09 

71.7 

28.0 

Li.. 

1.72 1 

1.24 

72.0 

28.1 


1.54 ! 

1.20 

77.9 

22.9 

,K4...-..' 

1.59 

1.29 

81.1 

18.3 

% ... 

1.82 

1.36 

74.7 i 

25.3 


1 This sample was a composite of plants that were 1, 2.3, 4,5,6, and 7 days old, respectively. 

2 This sample was a composite of plants that were 8,9,10,11,12,13, and 14 days old, respectively. 


DISCUSSION 

Cross and Beran (4) adyance the following theory of lignification 

4, pp. 180-lSl): 

^ ^ ^ the process of lignification consists in a series of progressive and 

intrinsic modifications of a ceUiilose or oxycellulose tissue, the products of modi¬ 
fication remaining associated with the residues of the parent substance in a state 
of combination or of intimate mixture, the final products of metabolism (aro¬ 
matic products, pentosans, &c.) being excreted and taking no further part in 
the organic processes of the tissue. 

Among others, thej advance the following argument in favor of 
their theory of lignification {4y p. 179): 

Regarding lignification as a process of continuous modification of cellulose, and 
the woods as representing the extreme limits of such a process, these should show 
an increase in lignone at the expense of cellulose; which is in fact the case. 
Lignocelluloses in the first year of grovUi contain 70-80 p. ct. cellulose; the woods, 
on the other hand, 50-60 p. ct. 

Wiile it is tme that woods generally contain a greater percentage 
of lignin than is found in annual plants, it is by no means certain that 
the evidence offered by Cross and B.evan is an indication that the 
plant synthesizes lignin from cellulose. The results of this investi¬ 
gation sho'w that the period in which lignin increased was also that 
in which a considerable increase was obtained in the cellulose. Both 
the lignin and the cellulose increased progressively with the age of 
the plant. No direct evidence w^as obtained that the lignin increased 
at the expense of the cellulose. If the Cross and Bevan conception 
is correct, in consideration of the results obtained in this investiga¬ 
tion, the assumption wmuld have to be made that the plant synthe¬ 
sizes ^cellulose faster than it converts it into lignin. 

With reference to the hypothesis of Rassow and Zschenderlein (W) 
that lignin is formed by the plant from pentoses or pentosans, the 
results obtained in this investigation fail to show^ any direct relation¬ 
ship betw-een the content of pentose material and lignin. Both the 
percentage of lignin and the percentage of pentoses increased as the 
plant matured, and here also, if the hypothesis of Rassow and 
.Ifehenderlein^is correct, it would be necessary to assume that the 
:,;Pftnfc syntheskes pentoses faster than it converts them into lignin. 
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The results obtained in this investigation reveal that the percent^ 
ages of uronic acids and soluble sugars (cold- and hot-water extrac¬ 
tives) decreased as the plant matured. In view of the fact that the 
total pentose material increased with the age of the plant and that 
soluble pentoses are also included among the cold- and hot-water 
extractives, the loss of soluble carbohydrates other than pentoses 
must have been even greater than the figures on the cold- and hot- 
water extractives reveal. It is, of course, recognized that much of 
this loss was due to a translocation of the hexoses to the seed where 
it was stored in the form of starch; it is nevertheless conceivable 
that part of the hexose sugars may have been utilized by the plant 
in the production of lignin. Whether the synthesis of lignin proceeds 
directly or whether the hexoses are first oxidized to uronic acids is, 
of course, not known. "While the results obtained in this investi¬ 
gation do not disprove the hypotheses of Cross and Sevan and of 
Rassow and Zschenderlein, they definitely do not support them. In 
the main, the results are more in harmony with Schi'auth’s conception 
as to the genesis of lignin in the plant. 

SUMMARY 

A study was made of the composition of the leaves and stalks of 
the barley plant at successive stages of growth. 

xAfter an initial increase, the percentages of ash and nitrogen 
declined steadily as the plant matured. 

The percentage of methoxyl in the original and in the extracted 
plant materials increased with the age of the plant. 

The percentages of alcohol-benzene, cold-water, and hot-water 
extractives declined, though not in a regular manner, as the plant 
became older. The 1-percent hydrochloric acid extractives showed 
no definite tendency. 

The percentage of uronic acids increased somewhat during the 
early development of the plant, and then declined as the plant ma¬ 
tured. The percentage of the furfural-yielding components, as well 
as the percentage of pentoses calculated as pentosans, increased as 
the plant matured. After a slight initial increase, the percentage 
of furfural yielded by the uronic acids tended to decrease, and in no 
case did it amount to more than IS percent of the total. The per¬ 
centage of furfural furnished by the Cross and Bevan cellulose showed 
an upward trend at first, but decreased somewhat as the plants 
matured. The furfural derived from the pentoses of the polyuronides 
showed a decrease in the first few weeks of the development of the 
plants, and then suddenly increased to such an extent that at ma¬ 
turity 56 percent of the total furfural was furnished by the pentoses 
of the polyuronides. 

The percentages of Cross and Bevan cellulose, as well as the 
cellulose, increased rapidly as the plants grew older. As the plants 
matured there was a slight decrease in the percentage of these two 
components. 

The percentage of lignin, as well as the methoxyl in the lignin, 
increased in a regular manner as the plants developed and matured. 
The lignin from young plants differs from the lignin of mature plants 
in that the former contains a much smaller percentage of methoxyl. 
As the plants mature not only does the percentage of lignin greatly 
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increase, but there is also a rapid methylation of the hydroxyl groups 
of the lignin. 

In the mature plants, 75 to 80 percent of the firmly bound methoxyl 
groups are found in the lignin. 

No direct evidence was obtained that the barley plant synthesizes 
lignin from cellulose, pentoses, or pentosans. The results obtained 
are more in harmony with the hypothesis that the barley plant 
synthesizes lignin from soluble sugars other than pentoses. 
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'fHE DISTRIBUTION AND CONDITION OF PHOSPHORUS 
IN THREE HORIZONS OF A DIFFERENTIALLY FERTIL¬ 
IZED HAGERSTOWN CLAY LOAM SOIL PLANTED TO 
APPLE TREES IN METAL CYLINDERS ^ 


By Walter Thomas 

Professor of 'phytochemistry^ Pennsylvania Agricultural Experiment Station 

INTRODUCTION 


The writer has recently reported {Jf.7Y the distribution and condition 
of the nitrogen in the soil during an experiment with apple trees 
grown in metal cylinders for a period of 6 K years, and w^hich received 
annually for the last 3 years of growth different combinations of 
sodium nitrate, monocalcium phosphate, and potassium sulphate. 
The distribution and condition of the phosphorus is reported in the 
present paper. ^ The principal objective was to determine the condi¬ 
tion of the residual phosphoric acid (P2O5) derived from the added 
monocalcium phosphate. 98.7 and 87.3 percent of the phosphoric 
acid w^as still present in the smface 0 to 7 inches of the NPK-treated 
cylinders under sod and cultivation, respectively, at the end of the 
experiment. 

The mechanism of the absorption by soils of certain anions (phos¬ 
phate, tartrate, oxalate, and citrate) is comparable in certain respects 
to that of cations, that is, it is one of exchange invohing equilibrium 
(S, 9j 10). The characteristics of these exchange reactions are that 
they take place in the boimdary betw^een two phases, and that conse¬ 
quently no distinction can be made between absorption, adsorption, 
and chemical reaction in this interface. All such reactions may be 
described as disperse reactions {50). 

The physicochemical examination of the system phospate, ferric 
hydroxide, aluminum hydroxide, calcium (and magnesium) hydroxide 
by Gaarder (21) has thrown considerable light on the course of the 
reactions that might occur under soil conditions, albeit the experiments 
were in vitro, i. e., they wwe not conducted with soils present. These 
experiments of Gaarder show that the systems resulting depend on the 
concentrations of hydrogen, iron, aluminum, calcium, and magnesium 
ions relative to the phosphate ions. When the conditions are such 
that the concentrations of iron, aluminum, and calcium are in excess 
of that of the phosphate only two narrow pH ranges w^ere observed at 
w^hich the concentrations of phosphate (PO 4 ) were more than 0.01 mg 
per liter, viz, at 3.9 to 4.5 and 6.7 to 7.3. 

The approach to the problem of the condition of the residual phos¬ 
phate applied in the writer’s cylinder experiments has been made by 
ascertaining the total amoimt of phosphorus present in the three 
horizons, 0 to 7, 7 to 21, and 21 to 53 inches, respectively, of the soils 
of the treated and untreated cylinders, together with the determina¬ 
tion of the amounts extracted from these soils under specified condi¬ 
tions by solvents having a wide range of pH values. 


i Received for publication Mar. 18,1935; issued October 1935. Pennsylvania Agricultural Experimen.. 
Station, Technical Paper no. 683. 
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METHODS OT EXPERIMENTATION 

FIELD PLAN OF THE CYLINDER EXPERIMENTS 

Tke detailed plan of tHs experiment lias appeared in a number of 
publications (2, 45, 46 ); only a brief outline, therefore, is necessary. 

The soil used in the cylinders is a virgin soU of Trenton formation 
formed by the weathering of limestone (44)^ present paper 

this soil is designated the ''original soil.'' The excavation was made 
on a strip of land 110 feet hy 11 feet near the college experimental 
orchard. The surface horizon is a heavy silt loam and is underlain 
by a cla 3 ' loam wliich becomes heavier in texture with depth {44)* 
During the excavation the three horizons, \iz, surface (0 to 7 inches), 
subsurface (7 to 21 inches), and suhsoh (21 to 53 inches), were hept 
separate and each pile was thoroughly mixed. The procedure of 
filling the boiler-plate cylinders, which were 5 feet in diameter and 
5^2 feet deep, has been previously described (47). 

The trees were planted in the spring of 1922. The culture system, 
consisting of green manuring with buckwheat and rye principally, 
was uniform in all the cylinders until the spring of 1924, at which 
time half the cylinders were seeded with a mixtui'e of Kentucky 
bhiegrass and timothy. These cylinders are designated "cylinders 
under sod.” The remaining half of the cylinders were kept under a. 
system of clean cultivation. These are designated "cylinders under 
cultivation.” 

A distinction must be noted with respect to the additions of 
phosphoric acid from 1925 until the end of the experiment in 1927. 
During these last 3 years of the experiment the cylinders under 
cultivation received 2.5 g more phosphoric acid than the cylinders 
under sod. The reason for this is that it was then considered neces¬ 
sary to add equal amounts of organic matter to> all the cylinders 
under cultivation. This "was accomplished by growing rye outside the 
cylinders. For further details the paper by Anthony and Clarke 
(2, B51) should be consulted. All trees were aUowecl to grow 

\rithout the addition of any mineral fertilizer until the spring of 
1925, at which time differential treatment with different combinations 
of sodium nitrate, monocalchon phosphate, and potassium sulphate 
was commenced. 

The schedule of applications of monocalciimi phosphate is given 
in table 1 . 

The total amount of phosphorus (as P 2 O 5 ) added during the experi¬ 
ment wm 1,052.8 g. In addition to the phosphorus carried in the 
monocalciiim phosphate the cover crops contributed approximately 
10 g of phosphoric acid. The fertilizer w^as broadcasted and not 
mixed with the soil. 


Table f.-—Sche4tiU of Monocahium pkonphaie applicaiiofis loilh phosphorus 

pentoa^ide equivalent 


Date applied 

CaH4(P04)2*H20 

PaOs equiv¬ 
alent 

Apt. IS, 1925,... ^ 

Grams 

534 

267 

267 

534 

267 

Grams 

m.8 

150.4 

150.4 

300.8 

150.4 

Mays, IM... .. 

IPBe7, ... *' . 

... ... 

Mafl8,lg27.. ' .. 



1,S69 

L052.S 
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Tlie total precipitation during the period of the experiment was 
94 «4 inches and, in addition, 2 inches of artificial watering was applied 
in May 1926, and 1 inch, in August 1927. 

Samples of the soil of each of the horizons were taken both before 
and after the completion of the experiment in the manner previously 
described (47). During the period from September 20 to 28, 1927, 
the trees were dug up and soil samples representative of the three 
horizons were taken, by the method of successive quartering, from 
each of the cylinders from which the trees had been removed. These 
samples were dried at 75° C. and then sieved through a 1-mm sieve 
(d) and stored in glass jars in the dark. Analyses of the trees have 
already been reported ). 

PERCOLATION EXPERIMENTS 
Choice of Solvents 

The solvent powers of a. particular acid, barring reverse or secondary 
reactions, are related not only to the extent of dissociation of the salts 
formed and to the dissociation constant of the acid but also to the 
extent of hydrolysis and to complex ion formation. Moreover, it 
must be borne in inind that the determination by the aid of weak acids 
of so-called ^‘available” phosphoric acid (P 2 O 5 ) is not one of disso¬ 
lution pure and simple but is a mechanism of exchange involving 
equilibrium (8,11). 

With respect to the choice of solvents one might, as some investiga¬ 
tors have done (4, 27, use only one acid, e. g., hydrochloric acid 
of different concentrations, thus providing a wide range of pH values. 
It was decided to use different acids in the present investigation not 
only because the different solvents chosen provide a wide range of pH 
values (0.7 to 5.5), but also because they have long been in use by 
other investigators, and thus permit a comparison of the results ob¬ 
tained with those of others. That fundamental differences with 
respect to their ability to mobilize phosphoric acid exist is indicated 
by the difference in their critical concentrations (JO), 

The choice of an acid does not appear to be altogether an arbitrary 
one for all types of soils, as assumed by some investigators. Laterite 
soils which are very liigh in iron oxides are decomposed by hydroxy 
acids with the formation of acetone and carbon dioxide (7), and some 
hydroxy acids, e. g., citric acid, apparently fail with certain types of 
calcareous soils (6), possibly as a result of a too great reduction of the 
acidity by the calcium carbonate. 

The majority of chemical determinations of the availability of 
phosphate have been carried out by the ^^equihbrium” method. 
The solvents used have included principally ( 1 ) citric acid, used by 
Dyer (IS); ( 2 ) the 0.2 normal nitric acid solvent used extensively by 
Fraps and Ms coworkejs [16, 17); (3) 0.1 or 0.2 normal acetic acid 
solution, used in France and Germany; and (4) the solvent recently 
proposed by Truog (45), Mz, a 0.002 normal sulphuric acid solution 
buffered with ammonium sulphate. Distilled water has been 
favored by Schloesing (40) and by Wrangell [52, 53, 54) > 
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Extraction Procedure 

Extraction methods in which the soil is shaken for a definite length 
of time with the solvent, followed by filtration, washing, and repetition 
of the procedure with the soil residue, are inconvenient and laborious. 
Percolation methods which give the same kmd of results as the 
foregoing procedure are much more convenient. In one form or 
another this method has been used by many investigators. Kecently 
Harper (25) has described a simple form of apparatus which has been 
further modified by the writer, as follows: 

A carbon tube is fitted with a platinum cone, above which rests a 
layer of filter-paper pulp, followed by a layer of 40-mesh leached 



PiouBE i.—Battery of tbe type of percolation apparatus used in the extraction procedure. 


quartz sand. Five grams of tie soil (moisture-free basis) are then 
added, gently compacted by tapping, and a layer of 60-mesh acid- 
washed (juartz sand is added. The reservoir consists of a 250-cc flask 
fitted -with air inlet and outlet tube to which is attached a piece of 
heavy walled rubber tubing fitted with a screw cock. This cock 
should work freely and be well greased. A battery of such percolation 
apparatns_ (fig. 1) is very compact and utilizes little laboratory space. 
The principle of the method used is one of solution and displacement, 
and the mechanism is similar to that described by Parker (84). The 
action of a dilute acid on a soil is not constant {S8), and for this reason 
the rate of flow can be regulated sufficiently uniformly to give agree¬ 
ment between duplicates by making slight adjustments of the screw 
cock morning and evening. The extractions were made at laboratory 
temperature, 75° to 85° F. 
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Determination op Phosphoric Acid in the Extracts 

The four dilute acids used were 0.1 normal acetic (pH 2.8), 0 2 
normal nitric (pH 0.7), 0.173 normal citric (pH 2.2), and 0.002 normal 
sulphm-ic buffered with ammonium sulphate (pH 3.0). Distilled 
water (pH 5.5) not freed from carbon dioxide was also used. 

The determination of phosphorus in the distilled water and also in 
the acetic and sulphuric acid leachates w^as made bv the Deniges 
method {12), and in the citric acid and nitric acid leachates by 
Richards and Godden’s modification (37) of the Pemberton-Neumann 
method (S3, 35). In the latter procedure soluble silica was previously 
removed by dehydration. 

The blue color of the Deniges method is the result of a partial reduc¬ 
tion of some of the phosphomolybdate. Within certain limits the 
color is proportional to the concentration of phosphorus in the solution. 
The method is very sensitive; 0.001 mg phosphoric acid in 100 cc 
solution can easily be detected and estimated. The literatme relating 
to the method has been thoroughly reviewed by Zinzadze (55), who 
has developed a technic whereby the blue color is stable over a long 
period. 

EXPERIMENTAL DATA 

The quantities in parts per million and absolute (total) amoimts of 
phosphoric acid in the different soil horizons are given in table 2. 
The results are the mean of duplicate determinations of total phos¬ 
phoric acid (3), which differed by less than 0.005 percent. The re¬ 
sults of the percolation experiments with water, sulphmic, acetic, 
citric, and nitric acids are given in table 3. The volume of each 
leachate in aU cases was 200 cc. 


Table 2.—Parts per million and absolute amounts of total phosphoric acid in the 
respective horizons before the trees were planted and at the end of the experiment 



Total phosphoric acid 

Absolute amount total phos¬ 
phoric acid 

Treatment 

Surface 

(0-7 

inches) 

Subsur¬ 
face (7-21 
inches) 

Subsoil 

(21-53 

inches) 

Surface 

(0-7 

inches) 

Sub¬ 

surface 

(7-21 

inches) 

Sub¬ 

soil 

(21-53 

inches) 

Total 

(0-53 

inches) 


P. p .m. 

P. p. 771. 

P. p. m. 

Grams 

Grams 

Grams 

Grams 

Soil before trees were planted_ 

i,020 

950 

1,020 

597 

1,120 

2,744 

4,461 

Sod: 






Cheek.. 

1,017 

948 

1,016 

595 

1,118 

2, 733 

4,446 

NPK___ 

2,796 

939 

1,017 

1,636 

1,107 

2,736 

5,479 
5,497 

PK..... 

2,804 

948 

1,018 

1,641 

1,118 

2,738 

P..... 

2,819 

954 

1,018 

1,650 

1,125 , 

i 2,738 ; 

5,513 

Cultivation: 




Cheek... 

1,028 

955 

1,013 

602 

1,127 

1 2,727 

4,456 

NPK..... 

2,587 

1,045 

1,015 

1,514 

1,232 

2,732 1 

1 5.478 

PK_-.._.. 

1 2,623 

1,032 

1,018 

1,535 

1,217 

2,738 i 
2,738 1 

5,490 

P...-. 

2,645 

1,030 

1,018 

1,548 

1,215 

5,501 
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Percolation was not carried further. 





























































DISCUSSION AND INTERPRETATION OF RESULTS 


EXTENT OF AND DIFFERENCES IN THE DOWNWARD MOVEMENT OF PHOSPHORUS 
IN THE TWO CULTURE SYSTEMS AS DETERMINED BY TOTAL PHOSPHORUS 

CONTENT 


The weights of each of the tbi^ee soil horizons are: Surface 1,290 
pounds, subsurface 2,600 pounds, and subsoil 5,930 pounds. The 
absolute amounts of phosphoric acid can, therefore, be calculated. 
They are shown in table 2. 

The absolute amounts of phosphoric acid in the surface soil of 
correspondingly treated cylinders under the two systems is very much 
greater under sod than under cultivation, but the condition is reversed 
m the subsurface layer. The quantities of residual applied phosphoric 
acid expected in the surface soil at the end of the experiment can be 
approximateh’ calculated from the data of table 2 together mth the 
known amounts applied and absorbed by the trees from the added 
phosphate (46). The data so calculated indicate that a downward 
movement of phosphorus into the subsurface occurred in all the 
1 ‘ylinders under cultivation and that no movement into the subsurface 
occurred under sod. The absolute amounts of phosphoric acid which 
moved into the subsurface (7 to 21 inches) layer in the cylinders under 
cultivation were: NPK, 117 g; PK, 113 g; and P, 99 g—equivalent 
to 11.5 and 9.5 percent of the amounts added in the NPK- and P- 
treated cylinders. 

The difference in the behavior of the cylinders under cultivation 
with respect to phosphorus movement as well as with respect to the 
movement of nitrogen (47) is interesting. For a better understanding 
it wMl be necessary to refer to the distribution and condition of the 
nitrogen in these same cylinders (47). In order to explain the 
accretion of nitrogen as nonnitric nitrogen in the subsoil (21 to 53 
inches) under cultivation (no accretion of nitrogen occurred under 
sod), three^ explanations were advanced, viz, (1) assimilation of 
applied nitric nitrogen by micro-organisms, (2) peptization of organic 
nitrogen by sodium nitrate in the surface soil and subsequent move¬ 
ment into the subsoU, and (3) the greater root system of the apple 
trees under cultivation as compared with that under sod. 

In searching for an explanation of this movement of phosphorus 
(and also of nitrogen) in the cylinders under cultivation (but not from 
under sod) the first explanation given above would a priori be elimi¬ 
nated. The third explanation would account for only a fraction of 
the phosphoric acid that moved into the subsurface. An additional 
explanation has recently been suggested, viz, that the living grass 
roots themselves absorbed and held enough phosphorus as it became 
available to reduce the amount that moved downward to a negligible 
quantity. This would be a consequence of greater downward move¬ 
ment of water under cultivation than under sod because there would 
be less transpiration and, therefore, less upward movement. These 
causes, no doubt, vrould be a factor but a minor factor because the 
phosphoric acid content of the grass in the sod cylinders would 
account for less than one twenty-fifth of the phosphoric acid that 
moved into the subsurface layer of the cylinders under the cultivation 
system. 

The second explanation above, viz, that of peptization’^ by the 
organic matter, remains to be considered. There is suflScient experi- 
, Cental evidence (^5, SO, S6) to show that colloidally dispersed humic 
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acids (formed by bacterial activity) function in making tbe soil 
phosphoric acid more soluble. Ramann {S6) gives many instances 
of soils being impoverished in phosphorus under such conditions. 
Dicalcium phosphate (CaHP 04 ) is relatively quickly decomposed by 
humic acids with the formation of calcium humates and free phos¬ 
phoric acid, the fate of which depends on the amount of sesquioxides 
present {30). The action of the humic acids may be expressed as a 
‘'deactivation^^ of the sesquioxides {9^ 10). 

The relative immobility of phosphorous in the cylinders under sod 
is in accord with the results obtained in many other long-continued 
field experiments on the heavier types of soils { 14 , pp. 12 - 124 ; 43, 49), 
where little movement of applied phosphates occurred below plow 
depth, except where certain salts { 14 ) or stable manures (4^) were 
added. In orchards under sod, penetration of phosphates in heavy 
clay soils may not exceed the first inch { 42 ). On the other hand, on 
loosely compacted soils evidence of phosphate movement below the 
first foot has been obtained { 42 , 43, 51). Phosphoric acid has not 
been found in the leachates from lysimeter experiments {22, 31). In 
prairie soils a gradual translocation of phosphorus from the sub¬ 
surface to the surface horizons has been noted {!). 

CONDITION OF THE PHOSPHORUS 

Source op the Phosphorus and of the Iron and Aluminum in the 
Hagerstown Series 

Frear and White {19) in an examination of the available phosphoric 
acid on the grasslands of the Jordan fertilizer plots found only 6.4 
percent of the total amount of phosphoric acid present soluble by the 
Dyer method (one extraction only), and observed that this indicated 
the absence of apatite. ^ The very small amoimts of phosphoric acid 
dissolved from the original soil by all solvents (table 3) point to the 
absence of apatite. This is further confirmed by the mineralogical 
examination of Honess {44 j footnote 2). Limonite comprises two- 
thirds of the accessory species in the fine sand fraction (0.2 to 0.1 mm) 
of the surface soil, and it is probable that the source of phosphorus in 
this soil is as an impurity in the limonite {Ye^OinH^O), known to 
contain admixtures of other elements including phosphorus (J). 
Limonite has a high '^fixing^^ capacity for phosphorus {15). 

During the weathering processes aluminum compounds are in part 
transferred into various hydrated silicates. The aluminum of this 
soil is derived from the feldspars, which constitute about 50 percent 
of the fine-sand fraction and a large proportion of the silt fraction. 
Other sources of aluminum are the amphiboles and pyroxenes present 
as accessory species. There is no evidence of the presence of baimte 
in this soil { 44 )- The iron is present as iron oxides mostly as limonite. 

Percolation Data 

The leaching experiments were limited to an examination of (1) 
the original soil before planting (the pH of which was 6.8), (2) the 
check cylinders under sod and cultivation (the pH of which was 6.65 
and 6.60, respectively), (3) the NPK cylinders also under sod and 
cultivation (the pH of which was 6.50). 

The results of the percolation experiments for the three horizons 
of the foregoing soils are given in table 3. 
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CONDITION OF THE EESIDU.4.L PHOSPHOBUS IN THE SUHPACE HOBIZONS 

In the case of those solvents harag a pH value of 2.2_and below 
the concentration of the solution with respect to phosphoric acid falls 
with each successive extraction, and wdth all solvents tends toward 
a constant level. At the stage indicated by reduction to this con¬ 
stant level there must exist a phosphate of such low solubility that 
the amoxmt going into solution at each extraction is independent of 
the mass present in the soil. But with none of the solvents do the 
amounts going into solution follow a logarithmic law of decrement 
in either the phosphate-treated or the untreated soils—a consequence 
of the e.xistence of more than one phosphate in both soils. In the 
phosphate-treated soils nitric and citric acids have brought out 
00 to 70 percent of the total phosphoric acid in the surface 0 to 7 
inches in the first extract, indicating the_ presence of at least one 
comparatively easily soluble phosphate which dissolves in proportion 
to the mass of it present in the soil. 

Inasmuch as there is no evidence in these laboratory experiments 
that the added monocalcium phosphate has effected any significant 
changes in the solubihty of the native phosphorus, we can proceed 
to ascertain the condition of the added phosphate by comparing the 
amoimts removed by the different solvents after an equal number 
(ten) of leachings, allowance being made for the amoimts extracted 
from the check cylinder by the respective solvents. The amount 
dissolved from the imfertilized soil (i. e., the check cylinder) must 
be taken into consideration because the quantities of phosphoric 
acid removed by different acids from the check cylinder may bear 
(as in this expenment) no constant relation to that extracted from 
the Utilized soil. The results for the NPK cylinder in sod are 
showm in table 4. 


Table 4 .—Phosphoric acid (P2O5) dissolved from the surface soil of the NPK 
cylinders expressed as a percentage of the residua of the amount applied 

IN SOD 


Solvent 

Indicated method of 
calculation 

1 

Percentage 
of residua 
applied 
p 20 ,-> dis¬ 
solved 

Distilled water...' 


33.5 

O.i N awticaeM.......... 

1,039 ' 

441.4-13.6 

1,039 

544.6-13.5 

1,039 

952.2-252.4 

41.2 

0.002 N HsSOi..... 

51.1 

r2NHNO:3__... 

67.3 

76.9 

0.17 N citric aeid.. _ 

1,039 

1,045.0-246.0. 


1,039 


IN CULTIVATION 


DistllW water.. 
0,!»2KHsSO4-.. 
0.17 N citric ^ackL 


286.2- 6.0 
917 

534.3-21.9 

917 

852.2-246.0 

917 


X100== 30.4 

X100= 55.9 


xioo= 


66.1 
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The action of a dilute acid upon soil is not a simple action of attack 
of an easily soluble phosphate followed by a more difficultly soluble 
phosphate {23, 24 ), nor, indeed, as already pointed out, is the action 
of a dilute acid constant {38). Rather does extraction with the 
different weak acids result in a condition of equilibrium which 
modifies the initial partition of phosphoric acid in the solid and liquid 
phases. If the amount of phosphoric acid in the liquid phase is 
sufficiently high the solution will give up phosphoric acid to the soil, 
and vice versa. There must exist, therefore, a critical concentration 
{9); tliis critical concentration is different for different acids, low for 
acetic and nitric acids and high for citric acid {10). This critical 
concentration depends on the phosphorus reserves of the soil and also 
on the “fixing” power. It is also clear from Russell and Prescott's 
{38) experiments that no definite fraction of the phosphates present 
is obtained by extraction with dilute acids but only that part expressed 
as the difference between the amount dissolved and absorbed. For 
aU these reasons it is not possible by such means to separate each of 
the different phosphorus compounds—to separate, for example, the 
phosphates of calcium from one another—by treatment of such an 
adsorption substrate as a soil with different dilute acids, as some 
investigators have attempted to do. 

One may, however, from the data of table 4 conclude that one- 
tliird of the residual applied phosphoric acid from the NPK cylinder 
in sod remained (under conditions of continuous leaching) in a condi¬ 
tion soluble in water, one-thii'd has been transformed into somewhat 
less soluble compounds, and one-third (100 — 67 percent) into very 
difficultly soluble compoxmds. 

The results for the surface 0 to 7 inches of the phosphate-treated 
cylinder under cultivation are of the same order of magnitude for the 
distilled water and sulphuric-acid extractions, viz, 30.4 and 55.9 
percent, respectively. But the percentage of the amoxmt residual 
in the surface layer under cultivation dissolved by citric acid is only 
66.1 compared with 76.9 from the correspondingly treated cylinder 
under sod. Tliis apparently anomalous result will be reserved for 
later discussion. 

The first and second distffled winter percolates of the surface 0 to 7 
inches of the treated cylinders, both in the sod and in the cultivation 
systems, contain as much as 13.5 and 7.9 percent of the residual 
amotmts applied during the course of this experiment. This fact 
suggests that the amounts added may have been more than sufficient 
to saturate the almninum and iron hydroxides in these surface layers. 

The difficulty soluble compounds into which the soluble phosphate 
has in part been transformed must be more difficultly soluble than 
chemically pure ferric phosphate. This may be deduced from the 
results given in table 5, in which are showm the results of percolation 
experiments in which chemically pure ferric phosphate, alummum 
phosphate, and tricalcium phosphate were each mixed wdth the original 
soil in amounts equal to the application of phosphoric acid to the 
phosphate-treated cylinders. Table 5 gives the percentages of 
phosphoric acid removed by the different solvents. 
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Table o. — Phosphoric acid (P 2 O 5 ) removed by the percolation method from c. p. 
ferric phosphate, c. p. alummum phosphate, and c. p. calcium phosphate mixed 
unih the ^‘originaV^ soil 


Solvent 

pH 

FeP04.4H20 

AIPO .1 

Ca3CP04)2 

Extrac¬ 

tions 

Re¬ 

moved 

Extrac¬ 

tions 

Re¬ 

moved 

Extrac¬ 

tions 

Re¬ 

moved 



Number 

Percent 

Number 

Percent 

Number 

Percent 

Distilled water...-.. 

! 5.5 

10 

0 

10 

14 

10 

21 

0.002 N sulphuric acid...- 

i 3.0 

10 

0 

10 

32.6 

4 

100 

0.1 X acetic acid... 

! 2.8 

10 

7.9 

10 

66 

6 

100 

0-17 X citric aeid__.....— 

1 2.2 

1 S 

100 

10 

100 I 

2 

100 

0.2 X nitric acid...--- 

0.7 

; 

100 

10 

100 ! 

2 

100 


Tlie results are similar to those obtained by Heck (26) and also are 
in accord with Gaarder’s scheme (21), Eelative to the comment 
given on page 333, it may be added that the nearest information that 
can be obtained with respect to the proportions of the various phos¬ 
phates existing in the phosphate-treated cylinders is through a com¬ 
parison of the data of table 5 with those of table 4. 

CONDITION OP THE PHOSPHORUS IN THE LOWER HORIZONS 

Neither water nor 0.002 N sulphuric acid leached out any phos¬ 
phoric acid from the original soil. The native phosphorus of thes(‘> 
soils is, therefore, not soluble in these solvents. Citric acid removed 
somewhat more than nitric acid from the loAver layers of the original 
soil. 

Percolation with water also removed only minute quantities from 
the lower horizons of the phosphate-treated (and the untreated) 
cylinders. One-percent citric acid has dissolved greater quantities of 
phosphoric acid than 0.2 N nitric acid. 

The condition of the phosphoric acid that moved from the surface 
soil into the subsurface of the phosphate-treated cylmder under cul¬ 
tivation is easily traced. Water removed none of it; Truog’s solvent 
dissolved approximately 20 percent and citric acid about 80 percent 
of it. 

EFFECT OF THE GROWTH OP TREES ON THE SOLUBILITY OF THE NATIVE PHOSPHORUS 

More phosphoric acid was dissolved from the surface soil of the 
check cylinders than from the original soil by all solvents. The 
increase is very marked with citric and also with nitric acid; the rela¬ 
tive increases are 51.2 and 55.4 g, respectively, for the cylinder under 
sod Inasmuch as these increments are much greater than the 
amounts of phosphoric acid contributed in the cover crops (p. 322), 
the native phosphorus of the soil must have been made more soluble, 
during the gro-wth of the trees. 

THE ORGANIC PHOSPHORUS 

A number of methods have been proposed for determining the 
oiganic phosphorus of soils, but none has yet met the criteria of 
validity indicated by Frear and White (20) in 1911. In these cylinder 
experiments the organic phosphorus of even the phosphate-treated 
plots under cultivation as determined by Schollenbeiger^s method 
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( 41 ) represented only about 1 percent of that applied as monocalciiiin 
phosphate. The organic phosphorus is, therefore, relatively insignifi¬ 
cant as compared to the amount of phosphoric acid applied. 

THE “FIXING*’ CAPACITY OF SOILS 

The writer has determined the fixing capacity of the original Hagers¬ 
town soil by many of the different methods proposed to determine 
this property (id, id, IS) 25). It is unnecessary, however, to record 
the results, inasmuch as no additional information was secured 
beyond that already recorded—a fact which lends further support to 
the suggestion (p. 333) that the amounts of phosphate applied during 
the course of this experiment were more than sufficient to satmate 
the iron and^ aluminum hydroxides. The fixing capacity of any 
one soil type is, as already indicated, a relative and not an absolute 
property; the amount retained is conditioned not only by the con¬ 
centration of the phosphate ions and the concentration with respect 
to other elements, especially those of hydrogen, silica, iron, aluminum, 
calcium, and magnesium (9, 32), but also by temperature and by time 
(15, 39, 56). The results for the same soil will, therefore, differ 
with the laboratory procedure with respect to the latter factois. If 
the fixing capacity of different soil types is to be compared, the method 
described by Demolon and Barbier (10) should receive the attention 
of investigators. 

The ability to fix phosphorus cannot be unrelated to the form of 
the phosphate. Wrangell (5,^) is probably correct in maintaining 
that the concentration of the soil solution vith respect to phosphate 
ions depends to a greater extent upon the absorbing capacity of the 
soil than upon the structure and composition of the applied phos¬ 
phate, for the soil solution has, in all cases examined by Wrangell, a 
greater concentration with respect to PO 4 ions when treated vdth 
tricalcium phosphate (and also rock phosphate) than with monocal¬ 
cium phosphate. Deductions, however, relative to the availability 
of phosphates cannot be made from such observations, for, althougl} 
relatively insoluble phosphates are fixed more slowly than the more 
soluble phosphates, they are less efficient in supplying available phos¬ 
phorus to plants (39 )—a consequence apparently of solid phase 
feeding. 

SUMMARY 

The distribution of phosphoric acid (P 20 r,) in three horizons at the 
conclusion of an experiment lasting 6 J 2 yearn on a Hagerstown clay 
loam soil, contained in cylinders planted to apple trees, and treated 
with different combinations of sodium nitrate, monocalcium phos¬ 
phate, and potassium sulphate, are given in percentage and in absolute 
amounts. 

In all the phosphate-treated cylinders the total (i. e., absolute) 
amounts of phosphoric acid of the surface soil was greater in the 
cylinders under sod than in those under cultivation. But in the sub¬ 
surface layer (7 to 21 inches) the absolute amounts of phosphoric 
acid present were considerably smaller in the cylinders under sod 
than in those under cultivation. The downward movement of phos¬ 
phoric acid into the subsurface layer in the cylinder under cultivation 
is equivalent approximately to 10 percent of the phosphoric acid added. 

24536—313-4 
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There is no evidence of movement of phosphoric acid into the sub¬ 
surface layer in the cylinder under sod and none into the subsoil 
f21 to 53 iiichesj of the cylinders either under cultivation or under 

sod. 

An explanation advanced is that the differences in the movement 
phosphorus in the two culture systems is for the most part the result 
of the mobilizing effect of humic acids. 

A simple and compact percolation apparatus is described by the 
use of wliich the quantities of phosphoric acid removed in successive 
leachates from the original soil before the trees were planted and in 
the soils from untreated and phosphate-treated cylinders by various 
weak acid solvents were obtained. The results of these extractions 
are as follows: 

In the phosphate-treated c^dinders at least one moderately soluble 
phosphate was present which dissolves in proposition to the mass of 

it in the soil. 

Not a trace of phosphoric acid was found in the leachates from any 
horizon of the original soil (soil before trees were planted) either by 
distilled water (pH 5,5) or by 0.002 normal sulphuric acid (pH 3.0). 

Thirty-three percent of the phosphoric acid applied to the phosphate- 
treated cylinders was still soluble in distilled water at the end of the 
7-year experiment. One-tMrd remained in a condition of moderate 
solubility and one-third was converted into basic iron and aluminum 
compounds more difficultly soluble than ferric phosphate. 

There was a conversion into difficultly soluble phosphates of that 
portion of the applied phosphoric acid that had moved into the sub¬ 
surface layer in the cylinder imder cultivation. 

A marked increase was observed in the availabihty of the phos¬ 
phoric acid of the soil in the check cylinders over that of the original 
soil. 
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A COMPARISON OF LEPTOSPHAERIA SALVINII AND 
HELMINTHOSPORIUM SIGMOIDEUM IRREGULARE^ 

By E. M. Cralley, assistant plant papiologist, Arkansas Agricultural Experiment 

'Station, and E. C. Tullis, agent, Division of Cereal Crops and Diseases, Bureau 

of Plant Industry, United States Department of Agriculture 

INTRODUCTION 

It has been shown previously {BY that Leptosphaeria sabijiii Catt. 
on rice has a conidial stage, originally described as Helminthosporium 
sigmoideum Cav. (3), and a sclerotial stage, originally described as 
Sclerotium oryzae Catt. {1, 2). This fungus occurs on rice in Ar¬ 
kansas, California, Louisiana, and Texas in the United States and 
has been reported also from Italy, Japan, India, the Philippine 
Islands, Bulgaria, China, and Cochinchine. 

For the past 3 years the writers have observed a similar yet dis¬ 
tinctly different fungus on rice in Arkansas, Louisiana, and*^ Texas. 
This fungus has a conidial stage which is very similar to Helmintho¬ 
sporium sigmoideum and a sclerotial stage which is distinctly different 
from that originally described by Cattaneo as Sclerotium oryzae. 
As no perithecial stage has been observed for the fungus it has been 
described as H. sigmoideum var. irregulars (J). It was described as 
a variety rather than as an independent species because of the 
similarity of the conidia to those of H, sigmoideum. The differences 
are chiefly in the sclerotia. 

The symptoms and seasonal development of the disease caused by 
Helminthosporium sigmoideum irregulars are similar to those of the 
stem rot caused by Leptosphaeria salvinii as pre^dously described 
{9, 10) except that in most instances the severity of the disease 
caused by the former fungus is not so great as that caused by the 
latter. It is the purpose of the present paper to describe the new 
fungus more adequately and to compare it with the corresponding 
stages of L. salvinii as previously described. 

DESCRIPTION OF HELMINTHOSPORIUM SIGMOIDEUM VAR. 

IRREGULARE CRALLEY AND TULLIS 

Mycelium.' —Hyphae white to olivaceous, septate, profusely branched, 2 /a to 
5/i in diameter. In culture, aerial mycelium usually scanty, submerged mycelium 
dark. On host, mycelium scanty. Numerous appressoria produced at times. 

Sclerotial stage. —Sclerotia very numerous, irregular in outline, black, surface 
rough, 90/1 to 119/a by 268/a to 342/a. Habitat, leaf sheaths and culms of rice, 
Oryza saliva L. 

Conidial stage. —Conidiophores dark-colored, septate, erect, simple, 4/a to 5/a 
by 75/a to 200/a; conidia borne singly on sharp-pointed sterigmata, fusiform, 
typically three-septate, frequently with germ tubes 2 or 3 times the length of the 
spore on spores still attached to the conidiophore, intercalary cells densely granu¬ 
lar, terminal cells less granular than intercalary cells, 9/a to 12/a by 41 /a to 58/a. 
Habitat, leaf sheaths of rice and on sclerotia floating on water. 

1 Received for publication May 28, 1935; issued October 1935. A joint contribution from the Depart¬ 
ment of Plant Pathology, Ar\ansas Agricultural Experiment Station, and the Division of Cereal Crops 
and Diseases, Bureau of Plane Industry, U, S. Department of Agriculture. 

2 Reference is made by number (italic) to Literature Cited, p, 348. 
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COMPARATIVE MORPHOLOGY OF LEPTOSPHAERIA SALVINII AND 
HELMINTHOSPORIUM SIGMOIDEUM IRREGULARE 


Cultures of Helriiinthospormy^ sigrnoideum irregulare from rice in 
tlie United Stutes, Japan,^ and the Philippine Islands ^ have been 
studied, and all found to be essentially the same. Conidia occurred 
in all cultures but most abundantly in those from Louisiana and 
Arkansas in the Lhiited States and from Saga, Japan. The sclerotial 
stage of this fungus also has been reported by Park and Bertus in 
Ceylon (d), and a similar, or perhaps identical, fungus has been 
described in Japan by Sakurai (7) as Sclerotium no. 3. 

The sclerotia of Le 2 )tosphaena salvinii {Sclerotivni ory^cte) were 
originally described by Cattaneo (1) as being spherical and measuring 
350g to"400/i in diameter. Specimens of cotype material in the 
iiiycological collections of the Bureau of Plant Industry, United 
States Department of Agriculture, shown in figure 1, vi, jS, have been 
examined, and tire material agrees in general with the original de¬ 
scription except that the sclerotia range from about 190g to 310^ in 
diameter. These measurements agree in general with those given 
by Tisdale (S) and TuUis (9) for the sclerotia of the fungus in the 
LTiiited States. 

The sclerotia of HelminthospormM sigmoideum irregulare differ from 
those of Sclerotium oryzae not only in being irregular but also in being 
distinctly smaller. They measure only 90^ to llOg by 268ja to 342ju. 
Alorphological differences in the sclerotia of Leptosphaeiia salvinii 
and H. sigmoideum irregulare are shown in figures 2, A, B, and 3, 
vl, B, 

Sclerotia of Leptosphaeria salvinii and Helminthosporium sig- 
moideum irregulare in culture are shovn in figure 4, B. The 
most striking difference between them is that the sclerotia of E. 
sigmoideum irregulare usually are embedded in the medium and are 
formed as irregular masses on the radiating strands of the hyphae, 
w^hereas sclerotia of L, sahinii are spherical or nearly so and are 
formed individually and as abundantly by the aerial as by the 
submerged hyphae but not in radiating rows. 

The conidia of Helminthosporium sigmoideum irregulare are similar 
in appearance and size to those of Leptosphaeria sahinii, as is shown 
in figures 4, C, D. Some conidia of the former tend to produce 
gerin tubes from the apex while still attached to the conidiophore, 
as is shown in figure 4, E, In some cases this occurs before cross 
walls have formed in the spore. Such germ-tube formation has 
never been observed in the conidia of L. smiinii while the spores are 
stEl attached to the conidiophores. When grown in artificial cul¬ 
ture, frequently one or more septa in the spores of H. sigmoideum 
irregulure are lacking, so that the spores are not so uniformly three- 
septate as are the conidia of i. sahinii. A count was made of the 
septation of 53 spores of H. s^igmoideurn irregulare in a culture from 
Arkansas* The results were as follows: Spores without septa, 25; 
spores with 1 septum, 2; spores with 2 septa, 10; spores typically 
three septate, 16, Of this number, 50 had germ tubes and 3 had 
none. Cultures from single conidia of L. salvinii with few exceptions 
have produ ced only the conidial stage of the fungus, even after 
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Rabeiihorsl, Fungi europaei 

®460. Sclerotimn Orysuae Catt. Rendic. del 
R. Jstituto Lombardo di Scienze e Lellere, Ser. IL V. 
IX. fase. XX. Arch, triennale del Laboratorio di Bolanica 
Crilt. di Pavia. VoL II. con una tavola. 

A Orfzeta Ticin. et Novar, 1876. 

^ * leg. A. Caltaneo. 



Figure 1-A, Reproduction of ootype material of sclerotia of mtvMi, X -S, enlargement 

of portion of lower culm in to show spherical form of the sclerotia. X 30. 
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Figure 2.---Sclerotia of Leptosphaeria mlvinii C-l) and Helminthosponum sigmoideum (B) from culms of 

Blue Rose rice. X 40. 



f fetiw topieme Blue Rose rice; A, Sclerotia of Leptosphaeria salrinL X 0: 

xj, sctemim'OT neiMmtkoi-p(yrium tiff'imideum vrremlare. X 3. 
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numerous successive transfers, whereas cultures from single conidia 
of H. sigmoideum irregulare consistently have produced sclerotia at 
first and conidia later. 

Numerous attempts have been made to determine whether typical 
spherical sclerotia of Leptosphaeria salvinii might be produced by 
transfers of sclerotia or conidia of Helminthosporium sigmoideum 
irregulare or from isolations of the fungus from diseased plants, but 
the attempts have given negative results. Other experiments were 
made in which H. sigmoideum irregulare was grown on various media, 
including sterilized rice straw and rice-straw ground and incorporated 
in agar of various kinds, in attempts to produce the sclerotia typical 



FiGXJRE 4.—^, Portion of a colony of Leptosphaena salmnii growing on corn-meal agar. X 1.5; B, portion of 
a colony of Heiminthosponum sigmoideum irregulare growing on corn-meal agar. X 1.5; C, conidia of IL 
sigmoideum irregulare. X 320; JJ, conidia of L. salvinii. X 400; E, conidia of H. sigmoideum irregulare 
with germ tubes. X 320. ■ ' 

of i. salvinii. In all cases, regardless of the appearance of the sclerotia 
on these media, no sclerotia typical of i. salvinii were produced 
when transferred back to corn-meal agar. H. sigmoideum irregulare 
produced conidia readily on an agar.composed of 1 percent pectin 
and 4 percent agar. 

In a previous paper {10) the writers described the production of 
conidia by sclerotia of Leptosphaeria salvinii floating on water. 
Helminthosporium sigmoideum irregulare also produces conidia under 
these conditions. Sclerotia from I^uisiana and from plants infected 
wdth the culture received from Saga, Japan, were used. The fimt 
conidia were produced in 7 and 20 days, respectively, and conidial 
formation continued for 5 months, at which time the experiment was 
discontimied. During tliis period as many as 40 conidia were pro- 
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diiced by some of the sclerotia. Individual sclerotia of X. salvinii 
under similar conditions in the same period have produced as many 
as 75 conidia. 

Since tins manuscript was prepared for publication the attention 
of the writers has been called to a book by Nakata (5) on crop dis¬ 
eases/^ published in Tokyo, September 15, 1934. In the discussion of 
lliese diseases, Nakata describes as Helminthosporium sigmoidemn 
Cav. the fungus with iiTcgular sclerotia, which the writers have 
described 4) as H. sigmoideum irregulare; and he describes as H. 
sigmoideum var. microspkaeroides Nakata the fungus with spherical 
sclerotia, which has been shown to be Leptosphaeria sakinii Catt. 

As previously shown {10), and again pointed out in the present 
j)aper, the fungus vith spherical sclerotia, Leptosphaeria salvmil 
Catt., has Selerotimn oryzae Catt. as its sclerotial stage and Hel- 
mintkosporium sigmoideum Cav. as its conidial stage. On the basis of 
the descriptions and measurements of sclerotia and conidia given by 
Nakata (5, p, 24 ) ^ it is evident that his H, sigmoideum microsphaeroides 
is identical with the sclerotial and conidial stages of i. salvinii. 
Furthermore, the writers have secui’ed a culture from Institiit voor 
SMminelcultures at Baarn, Netherlands, which had been supplied 
by Nakata. ^ This culture was labeled Sclerotium oryzae, and in 
all essentials is identical with cultures of X. sahinii from the United 
States, India, and the Philippine Islands. It is evident, therefore, 
that the name of this fungus should be X. salvinii Catt. 

From the descriptions and measurements of sclerotia and conidia 
given by Nakata (5, p. 22) for the fungus with irregular sclerotia, it 
is clear that the fungus which he has included under the name Hel- 
minihosporium sigmoideum Cav. in reality is the fungus which the 
writers have described as H. sigmoideum var. irregulare (4). Cultures 
of sigmoideum’^ supphed the writers by Nakata are identical 
with cultures of the fungus wMch they have described as H. sig¬ 
moideum var. irregulare. Even the characteristic germ tubes of the 
conidia are identical. The formation of germ tubes by the conidia 
while still attached to the conidiophores, is a characteristic of the 
conidia of H. sigmoideum var. irregulare not found in those of Lepto¬ 
sphaeria salmnii. These germ tubes have been observed by the vuit- 
ers on numerous occasions on conidia from the cultures received from 
Nakata as sigmoideum.” It is evident, therefore, that the fun¬ 
gus which Nakata has called H. sigmoideum Cav., is identical with 
that which the writers have described as H. sigmoideum var. irregulare 
and that the true H. sigmoideum. Cav. is the conidial stage of Lepto- 
sphmria salvinii Catt. 

According to the above interpretation, the synonymy for these two 
fungi is as follows: 

(1) Lepiosphaeria salvinii Catt. Synonyms for conidial and sclerotial 

stages: 

Helminthosporium sigmoideum Cav. 

Helminthosponum sigmoideum Cav. var. microsphaeroides Nakata 

Sclerotium oryzae Catt. 

(2) Helminthosporium sigmoideum Cav. var, irregulare Cralley and Tuliis. 

Synonjun: 

Helminthosporium sigmoideum Nakata, not Cav. 


'9 Sft'tero Kslsiira lias k'kidly translated portknis of tbe text dealing witli tlie sclerotial diseases of rice. 
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PATHOGENICITY OF HELMINTHOSPORIUM SIGMOIDEUM 
IRREGULARE 

Inoculation experiments were conducted to test the pathogenicity 
of Helminihosporium sigmoidewn irregulare and also to test its ability 
to produce conidia on the host. 

Inoculation tests were made in the laboratory and in the greenhouse. 
The first inoculations were made by placing bits of mycelium on agar 
adjacent to single sterile seedlings of Supreme Blue Rose rice growing 
on corn-meal agar in test tubes. The results of these inoculations 
are shown in table 1. 

Ninety-day-old plants of Supreme Blue Rose gro'^ing in the green¬ 
house in stoneware jars were inoculated in duplicate mth 8 cultures. 
Inoculations with 7 cultures were made by inserting bits of 
mycelium on agar under the outer leaf sheaths. Inoculation with 
culture 8 was made by scattering sclerotia on the surface of the 
water. The source of the cultures and the results of these inoculations 
are shown in table 2. 


Table 1. —Results of inoculation of rice seedlings growing under aseptic conditions 
on corn-meal agar in test tubes loiih 6 cultures of Helminthosporium sigmoideum 
irregulare 


Source of culture 

Plants in¬ 
oculated! 

Plants 

infected 

Source of culture 

Plants in¬ 
oculated! 

Plants 

infected 

Japan: 

Kumamoto. 

Okayama. 

Hiroshima. 

Saga _ _ 

Number 

4 

4 

4 

4 

Percent 

100 

100 

100 

100 

United States: 

Louisiana (Crowley).j 

Arkansas. 

Control, 12 plants not i 

Number 

4 

10 

Per cent 
: 100 
100 

11 




inoculated-..___j 




1 The conidial stage was not observed on any of the inoculated dead plants. 


Table 2. —Results of inoculation of Supreme Blue Rose rice plants in ike greenhouse 
with sclerotia of the various cultures of Helminthosporium sigmoideum irregulare^ 
19S2-33 


Cul- 


Plants 

Cul- 


Plants 


ture 

Source 

inocu- Plants infected 

ture 

Source 

inocu- Plants infected 

No. 


lated 

No. 


lated 



Japan: 

Number Number Percent 


Japan: 

Number Nimher 

Peread 

1 

Kumamoto.— 

23 3 13.0 

6 

Fukuoka_ 

25 0 

Ai 

2 

Okayama- 

28 1 3.6 

7 

Okayama. 

71 12 

16.9 

3 

Hiroshima-— 

67 119 28.4 

8 

Arkansas. 

232 1 99 

417 

4 

Saga. 

61 ! 5 8.2 





5 

T jnnfciqnsi 

212 112 52.8 


Average_' 


34.9 












Control, 61 plants 1 

i ! 






not inoculated.-| 

i .j 0 1 

i 


I T^-pical conidia of H. sigmoideum irregulare were produced on these infected plants. 


Nearly 35 percent of the total number of plants inoculated became 
infected. As compared with the rather high percentage of infection 
obtained from the cultures from Arkansas and Louisiana—42.7 and 
52.8, respectively—the percentages of infection from those obtained 
from Japan were rather low and irregular,_ ranging from 0 to 28.4. 
However, the number of plants inoculated with these cultures was not 
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large^ and tlie cultures may possibly have been rather old. The results 
demonstrate, however, that Helminthosporiuni sigmoideum irregulare 
is able to infect healthy plants and to produce in and on them sclerotia 
and conidia similar to the forms used in the inoculations. The fungus 
was reisolated from the diseased plants. 

SUMMARY 

A description of Hehninthosporium sigmoideurn var. irregulare is 
presented. 

A comparison of the morphology of Leptosphaeria salvinii and 
Helminthosporium sigmoideum var. irregulare is given and the patho¬ 
genicity of the latter on rice is shown. 

LITERATURE CITED 

(1) Cattaneo, a. 

1876. SIJLLO SCLEROTITJM OBYZAE, NUOVO PARASSITA VEGETALE CHE HA 
DEVASTATE NEL CORRENTE ANNO MOLTE RISAJE DI LOMBARDIA B 

NEL NOVARESE. R. Ist. Lombardo Sci. e Let. Rend. (2) 9: 801- 
807. [Also published in Arch. Lab. Bot. Crittogamica R. Univ. 
Pavia 2-3: [75]-83, with plate VII added. 1879.J 

( 2 ) - 

1879. CONTRIBUTO ALLO STUDIO DEI MTCETI CHE NASCONO SULLE PIANTI- 
CELLE DI Riso. xArch. Lab. Bot. Crittogamica R. Unir. Pavia 
2-3: [115]-128, illus. 

(3) C.4VARA, F. 

1889. MATERIAUX DE MYCOLOGIE LOMBARDB. ReV. MjCol. IL 185, illus. 

(4) Crallet, E. M., and Tullis, E. C. 

1934. RICE DISEASE INVESTIGATIONS — STEM ROT. Ark. Agr. Expt. Sta. 
Bull. 312 (x4nn. Rept. 46): 52-53. 

(5) Nakata, K. 

1934. SAKUMOTSU BYOGAI ZUHEN [ILLUSTRATED CROP DISEASESl. TokyO. 

(6) Park, M. and Berths, L. A.* 

1934. SCLEROTIAL diseases op rice in CEYLON. IV sclerotium oryzae 
A strain. x4nn. Roy. Bot. Card. Peradeniya 12 (pt. 1). 

(7) Sakurai, M. 

1917. on sclerotium diseases of rice plant. Ehiine Agr. Expt. Sta. 
Pub. 1, 51 pp., illus. [In Japanese. English abstract in Bot. 
Abs. 10: 195, 1922.] 

(8) Tisdale, W. H. 

1921. TWO SCLEROTIUM DISEASES OF RICE. Jour. Agr. Rcscarch 21: 649- 
658, illus. 

(9) Tullis, E. C. 

1933. LEPTOSPHAERIA SALVINII, THE ASCIGEROUS STAGE OP HimMINTHO- 
SPORIUM SIGMOIDEUM and SCLEROTIUM ORYZAE. Joill*. Agr. 

Research 47: 675-687, illus. 

(10) -and CrALLEY, E. M. 

1933. LABORATORY AND FIELD STUDIES ON THE DEVELOPMENT AND CONTROL 
OP STEM ROT OP RICE. Ark. Agr. Expt. Sta. Bull. 295, 23 pp., 
illus. 




COMPAEATIVE TOXICITY OF ANABASINE AND NICOTINE 
SULPHATES TO INSECTS ^ 


By Joseph M. Ginsbueg, hiocheniist in entomology, John B. Schmitt, gikI Philip 
Oranett, research assistants, Kew Jersey Agricultural Experiment station 

HISTORICAL REVIEW 

Within the last few j^ears the Government of the Union of Soviet 
Socialistic Eepublics has placed anabasine sulphate on the American 
market as a new contact poison selling at a price considerably lower 
than nicotine sulphate. Anabasine is an alkaloid present" in the 
stems and leaves of A7miasis aphylla L., a member of the Chenopo- 
diaceae. It is somewhat similar to nicotine in its structural formula 
and has the same empirical formula (CioHi^No). Anabasine is con¬ 
sidered an isomer (7)- of nicotine. Like nicotine, it can be readily 
extracted from the plant and converted into a sulphate. 

Aphylla is only one of a large number of species belonging to the 
genus Anabasis. It is a perennial weed growing {10) in northern 
Africa, Eussia, Armenia, and in the neighboring countries. At¬ 
tempts are at present being made to cultivate it on the North Amer¬ 
ican continent. The amount of alkaloid varies from a fraction of 1 
percent in old twigs and thick leaves to more than 2 percent in young 
succulent twigs and young growing leaves. The commercial product 
anabasine sulphate contains approximately 40 percent of total alka¬ 
loids, of which about 70 percent is anabasine (i, 7), the remainder 
being lupinine, other higher alkaloids, and miscellaneous plant 
material. 

It may be of interest that not long before Orechoff and Menschi- 
koff (5) had isolated anabasine from the jilant, Smith (9) synthe¬ 
sized, in 1930, the alkaloid /?-pyridyl-a-piperidine, which he called 
neonicotine ” and which he later (11) found to be chemicalh^ the 
same as the natural anabasine. The only difference between the 
two is that neonicotine is optically inactive while anabasine is 
levorotatory. Smith, Eichardson, and Shepard (1.1) found neonic¬ 
otine as toxic to Aphis tntniicis L. as nicotine. 

Gamian S, 4) reports that both anabasine and anabasine 
sulphate are more toxic to aphids than are nicotine and nicotine 
sulphate. In his experiments, dilutions of 1 pint of either aiui- 
basine sulphate or nicotine sulphate to 100 gallons of water pro¬ 
duced equally high control of the white apple leafhopper. On the 
other hand, Campbell, Sullivan, and Smith (1) found anabasine 
less toxic than nicotine to culicine mosquito larvae. 


^Received for publication May 17, 1035; issued October 1035. Fai»er of tlie Journal 
Series. New Jersey Agricultural Experiment Station. Department of Entomology. 
-Reference is made by number (italic) to Literature Cited, p. 354. 
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EXPERIMENTAL WORK 

In May 1931 the senior writer tested the toxicity^ to honeybees of 
anabasiiie sulphate received from the Amtorg Trading Corporation, 
xipplied as a contact spray, concentrations of 0.2 and 0.1 percent 
killed 100 percent of the bees -within 24 hours. When the proper¬ 
ties of anabasine, as an internal poison, were tested by allowing the 
bees to feed on honey containing 0.2 percent of anabasine sulphate, 
only about 10 percent died within the same period. On the other 
hand, in a previous publication (J) the senior writer reported high 
percentages of kill of bees fed on honey containing 1 part of nico¬ 
tine, in the form of nicotine oleate, to 3,200 parts of honey mix¬ 
ture. These preliminary results suggested that anabasine is much 
more effective as a contact poison than as a stomach poison. 

Experiments with anabasine sulphate were resumed during the 
summer of 1934. Since nicotine is largely used in agricultural 
sprays to control aphids, the major i)art of this investigation was 
devoted to comparing the apliicidal properties of the two insecticides. 
The samples used in these tests contained 40.5 percent and 40 percent 
total alkaloids for nicotine sulphate and anabasine sulphate, re¬ 
spectively, as stated in the chemical analysis submitted by the 
manufacturers. 

The tests with various dilutions of anabasine sulphate and nicotine 
sulphate were conducted on several species of aphids, on silk moth 
larvae, and on grasshoppers. The toxicity to insects was determined 
by methods ])revioiisly described (6); 90 percent kill or higher was 
considered efficient control. 

TESTS ON APHIDS 

The following species of aphids were used in these tests: Aphis 
forni De G., on apple: Aphis rumicis^ Lin. on nasturtium; Macro- 
siplmmi Tosae Lin. on roses: Macrosiphmiiella sariborni Gill and 
RJtopalosiphum rufomaciilafa Wils., on chrysanthemum. In order to 
spread and wet efficiently, each spray solution had added to it 0.2 
percent of coconut-oil soap. Several series of tests were run for 
each dilution. The average results are reported in the tables. 

Labouatoey Tests 

Check tests with the wetting agent alone have shown that 0.2 per¬ 
cent of soap killed approximately 14 pex’cent of the green apple 
aphids {Aphis pomi), 21 pei'cent of the nasturtium aphids (A. 
nimiels)^ and 13 iiereent of Mam^osipJmm rosae. The concentrations 
of the spray mixtures ranged from 1 pint to one twenty-fourth of a 
pint per 100 gallons. The high dilutions, although not practical, were 
necessary in order to evaluate the differences between the toxicity of 
the two alkaloids* The results from tests on the aphids are set forth 
in table 1. A comparison of the results with apple and nastiiitium, 
aphids reveals no distinct differences in toxicity of the two insecticides 
in coneentrations of one-half or one-third of a pint per 100 gallons, 
the percentage of kill being 90 or better in each case. At concen¬ 
trations of one-sixth and one-twelfth of a pint the I’esults were 
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decidedly higher, on both species of aphids, with anabasine sulphate 
than with nicotine sulphate. The rose aphids were more resistant 
to both anabasine and nicotine, 1 pint of anabasine sulphate being 
required per 100 gallons to produce about a 90 percent kill; the per¬ 
centages of dead rose aphids were consistently higher with anabasine 
sulphate than with nicotine sulphate. 

Table 1 .—Toxicity tests with anabasine and. with nicotine siaphates on green- 
apple aphids (Aphis pomi), nasturtmm aphids (A. rum ids), and rose aphids 
(Macrosiphiim rosae) 


Insecticide in 100 gallons of 
spray i (pints) 

Green-apple aphids 

Nasturtium aphids 

Hose aphids 

Total 

insects 

Dead after 
24 hours 

Total 

insects 

Dead after 
24 hours 

Total 

insects 

Dead after 
24 hours 

Anabasine sulphate: 

Number 

Percent 

Number 

Percent 

Number 

Percent 

1 __ ... 





.321 

90.3 
7.S 4 

W.... 

888 

94.8 



436 

. 

1,342 

97.6 

511 

95.8 

334 

66.0 

.-. 

618 

93.4 

322 

90.9 

608 

60.0 

lU .-. 

1,098 

66.4 

447 

78.0 



_ 

745 

31.0 

370 

53.7 



Nicotine sulphate: 







1. 





372 

87.6 

. 

1,200 

97.3 



336 

59.0 

u . 

1,736 

90.2 

272 

92.6 

471 

52.4 

14 . 

435 

82.3 

1 272 

86.0 

383 

1 48.5 

H2. 

1,982 

58.9 

788 

! '66.7 



■ ^24 . 

686 

38.1 

273 i 

48.7 


t 

Check, 0.2 percent of soap: 0-,- 

1,338 

14.7 

716 

21.4 

301 

13.0 


1 A concentration of 1 pint of insecticide per 100 gallons of spray represents an approximate dilution 
of the alkaloids of 1 to 2,000. 


Greenhouse Tests 

Several beds of chrysanthemum plants, in a commercial green¬ 
house, were divided into two parts and sprayed with the two in¬ 
secticides on August 2, 1934. In each case only one concentration, 
namely, one-third of a pint of insecticide per 100 gallons of spray 
solution, was used. The plants were infested with two different 
species of aphids, the black {MaGrosiphainelJa sariborni) and the 
green {Rhopalosiphumi omfomxxcuJata), After approximately 24 
hours, gross observations showed a practically complete kill of the 
black aphids and an incomplete kill of the green aphids with each of 
the spray mixtures. In order more closely to verify these differences, 
several plants were removed from each plot, and counts of live and 
dead aphids were made. The results, set forth in table 2, show 
100-percent control of black aphids with both spray mixtures. The 
control of green aphids disclosed striking differences in favor of the 
anabasine sulphate, the actual percentages killed being 87.8 for ana¬ 
basine sulphate and 32.1 for nicotine sulphate. The experiments 
were repeated on August 8 on different chrysanthemum plants in 
the same greenhouse. Only the green aphids were counted. The 
results (table 2) again show high kill with anabasine sulphate and 
low kill with nicotine sulphate. It appears, therefore, from these 
results that anabasine possesses higher toxicity to this species of 
aphids than does nicotine. 


24536—35-5 
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Table 2. — Toxlcltu tests icitk ayidbasvne and ivitli nicotine suliihates^ on two 
species of apluds, Macrosiptioniella sanhorni and Rhopalosipliuni rufomacn- 
latd, infesting chrgsdnthemum plants 


] , 

Insecticide tested 

Date of 
spraying 

Black aphids, Macro- 
siphoniella mnborni 

Green aphids, Rhopalo- 
siphiun rufomaculata 

Total 
insects on 

4 plants 

Dead after 
24 hours 

Total 
insects on 

4 plants 

Dead after 
24 hours 

Anabasine sulphate.-. 

Nicotine sulphate.____ 

Aug. 2,1934 
_do_ 

Number 

297 

173 

Percent 

100 

100 

Number 

296 

205 

31 

329 

Percent 

87.8 
32.1 
87.1 

28.8 

ATsf^'ha,<5lnA _ _ _ 

Aug. 8,1934 
_do_ 

Nimtinci snipbate__ 








1 One-rhird pint of insecticide per 100 gallons of spray. 


TESTS ON CHEWING INSECTS 
Laboratory Tests on Silk Moth Larvae 

The silk moth larva {Bomhyx mori L.) has proved to be a satis¬ 
factory insect-indicator for testing stomach poisons in this labora¬ 
tory. A comparison of the toxicity of anabasine and nicotine 
sulphates to healthy silk moth caterpillars wasj therefore, made. 
Because of the scarcity of the insects at the time of testing, only 
10 insects, all in the fourth instar, "were used for each single test. 
In order to eliminate volatility of the alkaloids, 0.1 percent of a 
neutral wetting agent® was added to each spray mixture, instead 
of soap to produce efficient spreading. 

The results, presented in table 3 show that concentrations of 1 
quart of nicotine sulphate to 100 gallons of water gave a 100-percent 
kill in 2 days, whereas anabasine sulphate gave a 30-percent kill in 
3 days. In concentrations of 1 pint to pO gallons, nicotine sulphate 
gave about 95-percent kill and anabasine sulphate only 15-percent 
kill in 3 days. 


Table 3 . —Toxwitg tests with anaMsine and with nicotine sulphates on 
silk-moth larvae^ using 10 larvae per test 


Insecticide tested 

Insecticide 
per 100 
gallons of 
spray 1 

Dead— 

After 

1 day 

After 

2 days 

After 

3 days 

Nicotine sulphate.._______ 

Pints 

2 

1 

1 

2 ! 
1 

1 

Percent 

90 

40 

30 

0 

0 

0 

0 

0 

Percent 

100 

90 

70 

10 

0 1 
10 

0 

0 

Percent 

Do.-.... 

3 100 

290 
330 
2 10 
820 
0 
0 

Do-.„....... 

Anabasine sulphate... i 

Do........ 

Do........ 

Cheek (Q.l per«*nt of axescap).... 

DO'..... 

0 

0 


s S« a#©,, itetbte 1* f«r appmximate dilutiou of tbe alkaloids. 2 Average, 95. 3 Average, 15. 


* Areseap obtained from Monsanto Chemical Co., St. Louis, Mo. 
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Laboratory Tests on Grasshoppers 

Adults of a short-horned grasshopper {MelmiopTm femur-rubrum^ 
De G.)? commonly called “red-legged locust”, collected from a 
meadow near the college campus, were transferred to cages and fed 
on young potted tomato plants, sprayed 1 hour previously, with 
various concentrations of nicotine sulphate and anabasine sulphate. 
Twenty insects were used for each test. Each spray solution con¬ 
tained 0.1 percent of the neutral wetting agent (Arescap). The 
tomato plant is evidently very palatable to this species of grass¬ 
hopper, since the insects rapidly devoured the leaves on the check 
plants, sprayed only Avith 0.1 percent of Arescap, so that the plants 
had to be renewed once^ during the 3 days of testing. The feeding 
on the plants sprayed with the two insecticides, howeA’er, was rapidly 
retarded after the first day especially on those sprayed with nicotine 
sulphate, and in neither case Avas the renewal of plants necessary. 

The results, presented in table 4, show that nicotine sulphate is 
decidedly more toxic to this chewing insect than is anabasine sul¬ 
phate. At concentrations of 1 pint and 1 quart per 100 gallons of 
spray, nicotine sulphate produced 80- and 90-percent kill, XTspectiATly, 
as compared Avith 40- and 60-percent mortality obtained with the 
same concentrations of anabasine sulphate. 

Table 4, —Tomcity tests with anabasine and with nicotine sulphates on 
grasshoppers, in which 20 insects per test tcere used 


Insecticide tested 

Insecticide per 
100 gallons of 
spray 1 

Dead 

after 

3 days 

Nicotine sulphate_ 

PinU \ 

1 

' Percent 

\ so 

Do____-__ 

2 

90 

Anabasine sulphate ______- 

1 

40 

Do__ 

2 

60 

Check, 0.1 percent of Arescap....... 

0 

15 


SUMMAEY AND CONCLUSIONS 

Laboratory and greenhouse tests were conducted with anabasine 
sulphate and nicotine sulphate on several species of aphids, silk moth 
larvae, grasshoppers, and honeybees. The results definitely show 
that: 

Anabasine sulphate equals or excels nicotine sulphate in toxicity to 
ApMs TumiciSj A, pomi^ and MaerosiphonieMa saniami and is de¬ 
cidedly more toxic to Rhopalosiphmii imfomamTata and Macrod- 
phum Tome. 

Anabasine sulphate possesses very little toxicity as a stomach 
poison against silk moth larvae, while nicotine sulphate proATd 
highly toxic to this insect. 

Anabasine sulphate was decidedly less toxic to grasshoppers, ap¬ 
plied as a stomach poison, than was nicotine sulphate. 
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THE TOXICITY OF OPTICALLY ACTIVE AND INACTIVE 
DIHYDRODEGUELINS ^ 

By W. A. Geksdorff 

Assistant chemist. Division of Insecticide Investigations, Bureau of Entomology 
and Plant Quarantine, United States Department of Agriculture 

INTRODUCTION 


During a study of toxic constituents of derris root other than 
rotenone, Haller and LaForge prepared two dihydrodeguelins, one 
optically active and the other optically inactive {7)f Since the 
physiological action of a compound may depend on its configuration 
as well as on its chemical constitution, it was considered of value to 
study these two derivatives toxicologicaUy. 

Although Haller and LaForge found the “deguelin concentrate’^— 
the amorphous residue left after separation of the rotenone and toxi- 
carol present in petroleum ether extract of derris root—to he strongly 
levorotatory, they were unable to obtain crystalline active deguelin 
from it. Thus, the inactive modification was the only form available 
for comparative purposes. This compound was prepared by these 
workers by treatment of deguelin concentrate with alkali. However, 
the sample of inactive deguelin (melting point 171° C.) used in the 
following study was prepared by Clark (1). Its constitution {2) 
is expressed by the formula: 



By catalytic hydrogenation of deguelin concentrate Haller and 
LaForge (7) obtained levodihydrodeguelin (melting point 155°- 
156° C.). After separating the portion that crystallized out, they 
isolated as the inactive form (melting point 171°) the dihydrodeguelin 
remaining in the mother liquor by alkali treatment and subsequent 
crystallization. The structure of these dihydro derivatives differs 
from that of deguelin only by saturation with hydrogen at the double 
bond in the chroman system, thus: 



1 Received for publication June 27,1935; issued October 1935. 

2 Reference is made by number (italic) to Literature Cited, p. 360. 
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It is tile presence of this system instead of the benzofuran system 
which differentiates these compounds from their isomers, roteiioiie 
and dihydroroteiione (S). 

EXPERIMENTAL PROCEDURE 

The method used in studying the toxicity of these compounds has 
been described previously (8). Goldfish of the same lot, weigliing 
from 2.7 to 3.7 g each, were used in all the tests, and a constant 
temperature (27° C.) was maintained. For comparative purposes 
tests were also made with rotenone. In addition, because a definite 
relationsliip has been established between certain dihydro derivatives 
of rotenone and their parent compounds, it was thought of interest 
to make tests with degiielin. 

RESULTS 

The toxicological data are ghmn in table 1. The survival-time 
curves and the velocity-of-fatality curves, which are plotted from 
these data, are given in figures 1 and 2. 


Table 1 . — Toxicitij of rotenone^ degueliri, and active and inactive dihydrodeguelins 
to goldfish at ^7.0° ±0.i^° C. 


Compound : 

Concen¬ 

tration 

Fishes 

used 

Mean 
length 
of fishes 

Alean 
weight 
of fishes i 

]Mean 

survival 

time 

^ 1,000 
‘ ^“^^survival 
time 


Milligram 


Milli- 




! 

per Uftr 

Number 

meters 

Grams 

Minutes 



0. m)0 

14 

46 

2.9 

127 

8.06 


.600 

16 

48 

3.3 

131 

7.98 

i 

.500 

13 

48 

3.3 

144 

7.14 


.400 

12 

48 

3.3 

149 

6.86 


.300 

12 

49 

3.4 

154 

6.93 

Rotenone. 

.200 

.150 

13 

13 

46 

48 

2.9 

3.3 

192 

229 

5.63 
4.78 


.120 

11 

46 

2.9 

250 

4.20 


.100 

‘>7 

47 

3.1 

280 

3.91 


.075 

13 

48 

3.3 

377 

2.76 


.050 

12 

48 

3.3 

540 

1.95 


, . 030 

12 

50 

3. 7 

780 

1.27 


.700 

9 

48 

3.3 

152 

6.91 


.400 

12 

47 

3.1 

168 

6.03 


.300 

11 

49 

3.5 

181 

5.73 

Beguelin.... 

.250 

.200 

34 

46 

48 

48 

3.3 

3.3 

204 

238 

5.25 
4.61 


.150 

34 

47 

3.2 

299 

3.75 


.120 

11 

48 

3.3 

380 

3.17 


.100 

14 

48 

3.3 

455 

2.36 


,900 

10 

47 

3.0 

126 

8,13 


.500 

12 

45 

2.7 

132 

7.72 


.400 

15 

45 

2.7 

147 

i 6.90 


.300 

11 

47 

3.0 

154 

6.84 


.250 

16 

47 

3.1 

159 

6.46 

Active dihydrodeguelin.^ 

.200 

' 27 

48 

3.3 

199 

5.32 


.150 

13 

47 

3.1 

242 

; 4.35 


.120 

11 

46 

2.9 

262 

4.21 


.100 

28 

49 

3.5 

352 

3.10 


.075 ! 

11 

49 ! 

3.5 

474 

2.24 


.030 

9 

P) ! 

in 

(^) 

3.55 


.900 

10 

47 

3.1 

159 

6.36 


.600 

13 

47 

3.1 

181 

5.68 

i 

.500 

11 

48 

3.3 

213 

5,15 

Inaetive dihydrodeguelin. j 

.400 

.300 

13 
12 ' 

49 

47 

3.4 

3.0 

224 

269 

4.94 
4.12 

i 

.240 

12 

49 

3.5 

295 

3.71 


.200 

13 

47 

3.1 

392 

2.98 


.150 

9 

48 

3.3 

496 

2.24 


.100 

12 

46 

3.0 

930 

1.17 


I tmm wMcIi measuiBment excludes the tail. 

* Fisti«s Bot measttred but ol same approximate size. 

'' F 4 fishes were apparently unaffected after 48 hours. These figures are only 


; liwi® ta»i3r thm tbe test wmM be negligibly small. 
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Figure 2.— Velocity-of-fatality curves. Straight lines indicate approximation of tlmt portion of the curve 
corresponding to greatest rate of increase of velocity of fatality with increase in conmntration. 
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DISCUSSION 

Comparative data obtained from these curves are given in table 
2. In figure 2 the straight fine, which is an approximation of that 
portion of the curve corresponding to the greatest rate of increase 
in the velocity of fatality with increase in concentration, is pro¬ 
longed to cut the X-axis at a point designated '"cq”; the slope of this 
line is designated '‘'tan and its measurement is expressed in the 
dimensions of both coordinates. In this way values are obtained, 
respectively, for the theoretical threshold of toxicity, or the concen¬ 
tration below which the substance does not cause death, and for the 
maximum rate of increase of the velocity of fatality vdth increase^ in 
concentration. In a previous study (5) of nine substances with 
relatively low thresholds a point on the survival-time curve called 
the "minimimi ct product^b (cOw? was found to correspond very 
closely to the upper end of this straight line, and this fact has been 
emploj^ed in locating the individual hnes. Beyond the arching por¬ 
tion of either the survival-time curve or the velocity-of-fatality 
curve in the direction of higher concentrations it approaches a region 
of constant velocity; that is, the curve approaches the horizontal. 
To obtain values for comparative purposes, the region in which the 
survival times corresponding to concentrations, one of which is double 
the other, do not diflter by more than 5 percent is chosen arbitrarily as 
the minimum survival time and designated The values given 

for fo in the table are approximated from the respective survival-time 
curves. 

Table 2 . —Relative toxicity at 27° C. of roteyione, deguelin, and optically active 
and inactive dihydrodegiielins 


i 

Compound I 

i 

1 

Co 

tan 6 

/tan d 

V“7r 

to 

Cm 

tm 

(Ct)m 

Relative 
toxicity 
according 
to (ct)jn, 

i 


Liter per 





Milligram 


1 Milligram 

milligram 


Min¬ 

Milligram 

Min¬ 

minutes 


1 per liter 

per minute 


utes 

per liter 

utes 

per liter 


Rotenone. 

0.01 

0.044 

2.1 

120 

0.085 

320 

27.2 

1.00 

Deguelin. 

.03 

.033 

1.1 

I 130 

-135 

329 

44.4 

! .614 

Active dihydro- 




! 





deguelin_ ’ 

.02 

I .040 

1.4 

120 

.110 

, 302 

33.2 

.819 

Inartive dihydro- | 


I 







degoeHn. [ 

.035 

1 .018 

! 

.72 

110 

.220 

333 

73.3 

.371 

1 


The mi n imum product of concentration and time, was sug¬ 
gested in a previous paper (d) as a suitable criterion for the com¬ 
parison of toxicity, since it gives a relative value at the point of 
greatest efficiency of the toxic substance with respect to concentra¬ 
tion and time. The value is determined from the survival-time 
curve; its probable error is less than 7 percent of the mean survival 
time. Its coordinates, Cm and are given in order that the point 
can be located on the curve. 

It is apparent from columns 3 and 9 of table 2 that, compared 
according to either of the methods in which the toxicity of a sub¬ 
stance is considered only at its highest efficiency with respect to con¬ 
centration and time, these compounds have the foUowing descending 
order of toxicity: Rotenone, active dihydrodeguelin, deguelin, and 
inactive dihydrodeguelin. Compared according to the values oh- 
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tained for the respective thresholds of toxicity, Cq, this order still 
obtains. It must be emphasized, however, that these values are 
obtained under theoretical conditions and may have no real sig¬ 
nificance beyond showing the order of toxicity at very great (hlutions. 
Also they are approximate only, since many more observations would 
be necessary to distinguish between the closer values with accuracy. 
Similarly, the values given for the minimum survival time, ^o, are 
only approximate and for the region of the curves as indicated above. 
There is no evidence that these values would differ if the survival 
times were compared at concentrations above those given at the 
same relative portions of their curves; the indications are that they 
would be close together. An extrapolative procedure such as was 
used to obtain the theoretical threshold values—that is, plotting 
the reciprocal of the concentration against survival time and using 
the points corresponding to the minimum ct products as the upper 
limits of the straight lines—does indicate that all the compounds 
have a time tolerance of 100±5 minutes; that is, an infinitely high 
concentration requires 100 minutes to kill, if it is assumed that no 
other factor has entered to change the type of toxic action. 

It is also to be noted that the figure obtained by comparison of 
deguelin with rotenone agrees well with, the value obtained in a 
previous study (^) with another group of goldfish. According to the 


formula of Powers 




which was used in that study for 


comparing toxicity, deguelin had 0.56 the toxicity of rotenone. In 
the present study, according to the same formula and against a much 
more resistant group of goldfish, the relative value, or ratio, is nearly 
the same, 0.52. As determined by a comparison of the slopes of 
the theoretical velocities of fatality, the ratios are, respectively, 0.79 
and 0.75. According to the author^s method of comparing minimum 
ct products, the ratios are 0.55 and 0.61. For a practical com¬ 
parison, as explained in a previous paper (5), the last figures may be 
accepted; that is, deguelin has 0.6 the toxicity of rotenone. 

Optically active dfiiydrodeguelin has essentially the same toxicity 
as rotenone between the concentrations of 0.2 and 0.9 mg per liter. 
At lower concentrations the latter is increasingly more toxic, this 
being apparently the result of a lower threshold of toxicity. Its 
theoretical threshold is about half that of the active dihydrodeguelin. 

Optically active dihydrodeguehn is more than tvice as toxic as 
the inactive derivative—-2.2 times as toxic according to a comparison 
of the minimum ct products. The theoretical threshold of toxicity of 
the inactive derivative is nearly twice as great as that of the active 
derivative. The minimum survival times, although apparently 
differing very little, occur in a region of much higher concentration 
(probably twice or more) in the case of the inactive derivative. How¬ 
ever, despite the fact that the inactive form is nearly half as toxic 
as the levo form, it should not be inferred that the dextro twin of the 
latter would be nontoxic. The configuration of the compounds 
has not been established, and the possession of two asymmetric 
carbon atoms makes possible several optical isomers. Furthermore, 
the toxic action of the inactive derivative does not parallel that of a 


3 Powers used a instead of eo to indicate the thr^hoM of toxicity concentration. 
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mixture half of which is the active derivative and half a nontoxic 
derivative. This is shown by replotting the survival-time curve, 
using half the actual concentrations of the determined points. 
At very low concentrations the resultant curve approaches very 
closely^that of the active dihydrodeguelin but diverges at high 
concentrations. 

Of interest also is the comparison of deguelin and the active 
clihydro derivative. According to the ratio of the minimum d 
products, the latter is 1.33 times as toxic as the former. This may be 
compared with the value, 1.48, found for a similar structural relation- 
sliip, in the case of four pairs of optically active rotenone derivatives 
On the other hand, the inactive dihydro derivative is only 
0.60 as toxic as inactive deguelin. 

SUMMARY 

A study has been made of the toxicity to goldfish of active and 
inactive dihydrodeguelins, and the results have been compared with 
each other and with those obtained vith rotenone and deguelin. 
Three criteria were used as the basis of these comparisons—the 
maximum rate of increase of velocity with increase in concentration, 
tan the minimum product of concentration and time and 

Powers' formula, Avhere Cq is the theoretical threshold of 

V ^0 

toxicity. According to all these criteria the following descending 
order of toxicity was found: Rotenone, active dihydrodeguelin, 
deguelin, and inactive dihydrodeguelin. 

Optically active dihydrodeguelin has essentially the same toxicity 
as rotenone between the concentrations 0.2 and 0.9 mg per liter. At 
lower concentrations rotenone is increasingly more toxic, approaching 
a maximum ratio of about 2 to 1. 

Active dihydrodeguelin is more than twice as toxic as the inactive 
derivative. According to a comparison of the minimum ct products, 
the relative value is 2.2. 

Active dihydrodeguelin is 1.33 times as toxic as inactive deguehn. 
This ratio is about the same as that (1.48) of the toxicides for active 
dihydro derivatives of rotenone to those of their parent compounds. 
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A NEW BACTERIAL SPECIES ISOLATED FROM 
STRAWBERRIES ^ 

By Helen F. Smaet 

Assistant pathologist, Division oj Fruit and Vegetable Crops and Diseases, Bureau 
of Plant Industry, United States Department of Agriculture 

INTRODUCTION 

In the course of a microbiological investigation of frozen-pack 
fruits and vegetables made in 1929 and 1930, the same species of 
bacterium was observed in great numbers in many samples of fresh 
strawberries going into frozen pack. Samples of berries were studied 
in 1929 from stations in Norfolk, Va., Fruitland, Md., and Selbyville, 
Del., and in 1930 at Portsmouth, Va. Plates from all four localities 
showed this bacterium to be the predominating organism in the fresh 
berries, whether or not they were washed before samples were taken. 
This organism occurs principally on the outside of the fruit and, so far 
as is known, has no bad effect upon the texture, flavor, appearance, 
or healthfulness of fresh or frozen strawberries. 

The methods and media used in this study are those described in 
the manual of methods of the Society of American Bacteriologists.^ 
One hundred grams of strawberries were placed in a sterile jar, and the 
berries were mashed thoroughly and mixed with 100 cc of sterile water. 
Plates were poured from this mixture after the proper dilutions had 
been made. Several colonies of the organism were selected for culti¬ 
vation from plates poured in different locahties, but as all the isolations 
reacted to the tests in a uniform way, only one will be described, 
Plates poured from the water before it was used to wash the berries 
and from the sugar used in the packs failed to show any colonies of 
the bacterium. This bacterium is believed to be a new species, and 
the name Achromobacter delmarvae is proposed for it. 

DESCRIPTION 

MORPHOLOGY 

Achromobacter delmarvae, n. sp. 

Short, medium-sized rod with rounded ends. Average size 1.5/4 by 0.75/4. 
Occurs as single rod or in pairs, also in short chains. No capsules or spores 
demonstrated. Nonmotile, Gram-negative, not acid-fast. In old cultures a 
few rods found slightly larger than the ordinary vegetative size. 

CULTURAL CHARACTERS 

On beef-infusion agar, pH 7.0, colonies visible in 24 hours at 26*^ to 31° C. 
Develop at moderate rate, but always small, rarely over 5 mm in diameter, even 
when plates are scantily seeded. Colonies circular, raised, with smooth edges, 
glistening, translucent, bluish-white color in all lights. Internal structure 
amorphous, surface smooth. Buried colonies lens-shaped. Colonies on gelatin 
similar to those on agar. 

Agar stroke cultures show abundant filiform growth, raised, glistening, smooth, 
translucent, bluish white, no odor; old cultures slightly viscid; medium unchanged. 

Agar stab cultures grow abundantly. Surface growth round, smooth, glisten¬ 
ing, bluish white, raised. Filiform gro’wth the whole length of stab, but grow^th 
is best at top. 

Gelatin stab cultures show scanty growth and no liquefaction after a month. 

1 Received for publication July 24,1935; issued October 1935, Read at the annual meeting of the American 
Society of Bacteriologists, Baltimore, Md., December 31,1931. Abstracted as follows: Smart, H. F. a 
NEW bacterial SPECIES ISOLATED PROM STRAWBERRIES. JoUT. Bact. 23: 41-42. 1932. 

2 Society of American Bacteriologists, Committee on Bacteriologig Technic, manual of 
METHODS FOR PURE CULTURE STUDY OF BACTERU. . . 46 pp. and leaflets," lllus. Geneva, N. Y. 19M. 
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Niitrient l)rotli cultures show good clouding in 24 hours. Delicate white 
pellicle formed iu 5 clays. Precipitate abundant, white, and slightly stringy^ 

iso odor; color of medium unchanged. 

Cultures on potato cylinders produce abundant growth, grayish white, glisten- 
incr, smooth, raised. 'Medium changed from white to smoke-gray (Ridgway, 

pL'46).3 

^ PHYSIOLOGY 

Optiinimi temperature for growth 26° C., good growth up to 31°. Growth 
at 37° very slight. Organisms remain alive at —8°; do not grow abundantly 
after being' held at that temperature for anj^ considerable length of time. 

Optimum hydrogen-ion concentration about pH 7.0. 

Bacterium white, but has slightly bluish color on agar and gelatin, probably 
caused by its translucent qualities. No color in broth, but on potato cylinders 
growth definite gray-white. 

Indole not produced in trj'ptophane broth in 10 days. 

Hydrogen sulphide and ammonia not produced in beef broth in 10 days. 

Diastatic action of bacterium weak. Starch agar plates inoculated and tested 
with iodine solution; in 5 days very slight, clear zone of about 2 mm around the 
streak. Plates incubated for longer periods failed to show any wider clear zone. 

Nitrates reduced in 7 days at 26° G. in medium containing 0.1 percent Difco 
peptone and 1 percent potassium nitrate. 

Fermentation tubes used to study relation of organism to oxygen. Medium 
used was beef broth with 1 percent of the following sugars: (5-lucose, lactose, 
sucrose, mannitol, and glycerol. Growth in closed arm of all tubes but heavier 
in open end, showing bacterium to be facultative anaerobe. 

Growth slow in sterile milk; acid curd formed in 12 to 14 days. Milk turned 
decided chocolate brown, beginning at top. Peptonization does not take place 
in 2 months. 

Litmus in milk turns pink first and is entirely reduced in 5 days; pink color 
returns in 10 days, after which curd forms and browning of medium starts, as in 
the plain milk, in 12 to 14 days. 

With bromcresol purple as indicator in fermentation tubes with beef-extract 
sugar broths, bacterium gives acid reaction after 5 days in glucose, lactose, 
glycerin, and mannite, and alkaline reaction in the same time in sucrose. No 
gas formed in any of the tubes. 

SUMMARY 

A bacterial species isolated from fresh strawberries is described.^ 
This organism w^as found to be the predominating species in samples 
of berries collected from four localities in Delaware, Maryland, and 
Virginia over a period of 2 years. The species is thought to be one 
hitherto undescribed, and the name Achromobacter delmarvae is 
proposed. 

The organism is a nonmotile, Gram-negative, nonspore-forming, 
short rod; average size, 1.5ja by 0.75fx; agar colonies are round, raised, 
glistening, translucent, bluish white, smooth, entire margin, amor¬ 
phous; agar stroke cultures are filiform, raised, glistening, smooth, 
translucent, bluish white, no odor, medium unchanged, gelatin not 
liquefied; pellicle and stringy white precipitate in beef broth; grayish 
white on potato. 

The organism grows best at 26° to 31° C.; is weakened at 37° and 
“8° C.; does not form indole, hydrogen sulpMde, or ammonia; 
diastatic action is weak; nitrates are reduced; aerobic growth better 
than anaerobic; acid curd formed in 12 to U days; color of milk 
becomes chocolate-brown; reduction of htmus in 5 days in litmus 
milk with curd formation and browning as in plain milk; forms acid 
and no gas m glucose, lactose, glycerin, and mannite; alkaline reaction 
and no gas in sucmse. 

BmwAT, B. mUM AKB COLOR NOMENCLATURE. 43' pp., iUus. Washington, D. C. 1912 

* of toctam, ana molds isolated, from fr^h and frozen fruits and vegetables are 

tn the fcfiowiEg artiefe: H. F. micro-oroanisms surviving the storage period of frozen 

,, PM mvm AND vegetables. Phytopathology 24: 1319-1331. 1934. 



CHEMICAL COMPOSITION OF CANNED PEAS OF TWO 
VARIETIES OF DIFFERENT SIZES AND GRADES' 

By W. S. Thompson, junior chemist, Wisconsin Feed and Fertilizer Inspection 
Laboratory, and W. H. Petekson, professor of agricultural chemistry, Wisconsin 
Agricultural Experiment Station 

INTRODUCTION 

Canned peas, like other foods, are graded according to '‘^quality”, 
that is, flavor, tenderness, etc., rather than according to the nutri¬ 
tional value of their chemical constitutents. Chemical analysis is 
of prime importance, however, in supplementing the organoleptic 
tests^ by providing a^ sound basis for the selection of food from a 
nutritional point of view. 

Data on the mineral composition of difterent commercial grades of 
peas are very inadequate. Previous investigations include papers 
by Diggs (3)/ Boswell (3), and Sayre, Willaman, and Kertesz (S), 
These investigators studied the chemical changes in peas which are 
associated with the tenderness of the canned product, and reported 
that a high calcium content was associated with a tough pea. They 
found that potash fertilizers tended to reduce toughness and corre¬ 
spondingly to lovrer the calcium content. Conversely, calcium 
chloride applied to the soil made peas tougher. Percentages of dry 
matter, calcium, and total nitrogen were found to increase with size 
whe^n calculated on the wet basis, but remained practically constant 
on the dry basis. In a later paper Kertesz (6) reported that the 
alcohol-insoluble solids (starch, dextrin, hemicelluloses, protein, and 
fiber) increase with maturity and hence serve as a good index of 
quality. 

Because of the increased interest in the mineral content of foods, 
especially of the elements calcium, phosphorus, iron, copper, and 
manganese, it was considered desirable to obtain data on the variation 
in these elements in the commercial grades of canned peas. Data are 
also presented regarding the fiber, protein, and dry-matter content 
of the various sizes that are on the market. 

MATERIAL AND METHODS 

The canned peas used in this work w^ere obtained from four different 
canneries, located in various parts of Wisconsin. By such a selection 
it was thought that the samples wmuld be somewhat representative 
of the canned products of the State. 

The can and contents were weighed, the liquor vras drained off, 
and the can reweighed. The can was then emptied of the drained 
peas and weighed again. The liquor and drained peas were combined 
and dried in a steam oven in large evaporating dishes which were 
covered with heavy wrapping paper to prevent any^ material from 
dropping into the samples. They were then ground in an iron spice 

1 Received for publication Jan. 15, 1936; issued October 1935. 

2 Reference is made by number (italic) to Literature Cited, p. 370. 
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mill to a fine powder.^ From 5 to 13 cans of each size were treated 
in tills way and a composite sample was formed by mixing equal por¬ 
tions of the individual samples. From this mixture aliquots were 
taken for the different determinations^. 

Nitrogen was determined by the Kjeldahl method {1) and calcu¬ 
lated as protein NX6.25), phosphorus by the volumetric method of 
the Association of Official Agricultural Chemists (Jf)? calcium by a 
modified McCrudden (7) method, copper by the rnethod of Elvehjem 
and Lindow (^), manganese by the method of Sldnner and Peterson 
()9), and iron by the method of Kennedy (5). 

RESULTS AND DISCUSSION 

Table 1 gives the variations in pea and liquor content per can and 
also the variations in the dry matter of the samples. 

One hundred and twenty-seven samples, 52 of the Alaska or smooth 
variety, and 75 of the sweet or wrinkled variety, were used. The 
Alaska peas were of four different sizes, ranging from the smallest, 
no. 1, to the largest, no. 4. The sweet or wrinkled consisted of six 
different sizes ranging from no. 1 to no. 6 and an extra lot of ungraded 
peas of sizes 1 to 6. In any one size of canned peas there was found 
to be only a small variation in the weight of the total contents of 
similar cans, the maximum difference being 3.2 percent. However, 
there vras considerable variation in the liquor and pea content of the 
various cans of each size, the maximum difference in weight of liquor 
being 19.5 percent and of the peas, 13.6 percent. 

Table 1. —Variation in quantity cordained in can^ and in dry matter of canned 
■product j for Alaska and for an unknown sweet or wrinkled variety of peas, packed in 
no, 1 and no, 2 cans 

ALASKA. 


i 

i 

I 

Pea size no. ; 

Content 

Weight of contents j 

Percentage 

of 

dry matter 

Total 

Drained peas 

Liquor 

Dry matter 

No. 1 
can 

No. 2 
can 

No. 1 
can 

No. 2 
can 

No. 1 
can 

No. 2 
can 

No. 1 
can 

No, 2 
can 

No.l 

can 

No. 2 
can 



Grams 

Grams 

Grams 

Grams 

Grams 

Grams 

Grams 

Grams 




'High. 

316 

601 

205 

374 

132 

252 

13 

72 

13.6 

12.0 

1 .... 

Low.. 

,314 

594 

1S3 

342 

110 

223 

34 

63 

10.7 

10.6 


Average h 

315 

597 

197 

361 

118 

236 

38 

68 

12.1 

11.4 

1 

(High. 

323 

604 

215 

400 

120 

223 

48 

m 

14.9 

''T7."o 

f 

jLow. 

319 

597 

200 

381 

104 

204 

41 

' 84 

12.8 

13.9 


1 Average 

321 

602 

207 

390 

113 

212 

46 

99 

14.0 

15.9 


(High., 

324 

608 

220 

396 

m 

234 

57 

'll2 

17.8 

1874 

3.. 

ILow. 

! ! 

603 i 

190 

369 i 

103 : 

211 1 

52 ; 

107 

16.0 

17.6 


i Averaged- 

1 320 : 

606 

207 j 

380 

113 ; 

226 ; 

54 

110 

16.8 

18.0 


(High.. 

1 325 

607 i 

211 

410 

■118 1 

226 

62 i 

123 

19.0 

20.4 

4. ! 

Liow. 

321 i 

596 i 

204 

370 1 

114 

193 1 

59 

105 

18. r 

’ 17.5 

i 

i 

Average L. 

323.: 

603 1 

207 

390 

116 : 

211 

60 

1 116 

18.6 

19.2 


1 Eacli figure Is the average of 5 or 7 cans. 


iron 'Content of samples ground in a spice mill was from 22 to 65 percent higher than that of 
sampte fTound In a ro'Ortar. Only the latter method of grinding was used in the ease of the iron analyses. 
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Table 1. —Variation in quantity contained in can, and in dry matter of canned 
^product, for Alaska and for an unknown sweet or wrinkled variety of peas, packed 
in no. 1 and no. 2 cans —Continued 


SWEET OR WRINKLED, VARIETY UNKNOWN 






W'eight 0 

contents 















Percentage 











of 

Pea size no. 

Content 

Total 

Drained peas 

Liquor 

Dry matter 

dry n 

latter 



No. 1 

No. 2 

No. 1 

No. 2 

No. 1 

No. 2 

No. 1 

No. 2 

KoA 

No. 2 



can 

can 

can 

can 

. .. 

can 

can 

can 

can 

can 

can 



Grams 

Grams 

Grams 

Grams 

Grams 

Grams 

Grams' 

Grams 




(High. 

311 

594 

189 

358 

129 

240 


73 

9.6 

12.4 

. 

|Low.. 

310 

575 

ISl 

347 

122 

226 

29 

56 

9.3 

9.7 

i 

[ Average U. 

311 

587 

1S5 

353 

126 

235 

30 

. 

63 

9.4 

10.7 


[High.. 

~ 319 

600 

205 

403 

119 

229 

39 

71 

12. 2 

11. S 

9 


313 

582 

199 

353 

111 

194 

36 

50 

11.4 

9.6 


1 Average 2.. 

316 

596 

202 

3S4 

115 

212 

38 

05 

11. S 

11.0 


[High. 

~ 324 

602 

212 

400 

124 

231 

40 

SI 

14.2 

13.5 

s . 

iLow.. 

315 

595 

195 

364 

112 

198 

40 

66 

12.7 

11. it 


1 Average 2.- 

320 

599 

202 

384 

ns 

214 

43 

70 

13.3 

12.7 


[High. 

320 

598 

210 

384 

115 

226 

52 

89 

16.4 

iis 

4. 

jLow. 

316 

586 

205 

360 

108 

214 

49 

76 

1 15.3 

i 12.9 


1 Averages.. 

1 

593 

,208 

373 

111 

219 

50 

S3 

1 15.7 

13.9 


(High. 

i 325 i 

1 599 

205 

3S6 

127 

230 

55 i 

103 

16.9 

! 17.2 

5. 

Low.i 

1 317 j 

592 

1 198 1 

1 368 

113 

212 

51 1 

j 79 

16.2 

i 13.3 


Averages.. 

320 

596 

202 ! 

1 377 

118 

219 

[ 53 

96 

16.5 

16.0 


fHigh. 

! ■- '] 

608 


408 


239 


107 


17. S 

6. 

ILow. 

i- 

595 


358 

. 

195 

'.i 

[ 92 


15.3 


[ Average2.. 

i. 

601 


391 

_ 

210 


102 


I 17.0 


[High. 


1 603 

-j 

• 374 1 

1 

230 ’ 


90 


j 14.9 

Ungraded... 

IIjOW . 


576 


369 1 


203 1 


79 


i 13.7 

1 


i Average 2_.i 


592 

j 

372 i 


218 


SO 


i 14. 5 



: 1 


..j 

j 








Each figure is the average of 4,7, or 9 cans, with the exception of size 1, no. 1 can (311 g), which includes 
only 2 samples. 


Dry Blatter increased with size of pea. The percentage for the 
Alaska variety ranged from 11.4 for size 1 to 19.2 for size 4, and for 
the sweet or wrinkled from 10.7 for size 1 to 17.0 for size 4. This is 
in agreement with the work of Sayre, Willaman, and Kertesz {8). 

It will be seen from figure 1 that on the wet basis the percentages of 
protein, calcium, phosphorus, and crude fiber increased with increase 
in size of pea. Also, that in each case the Alaska variety contained 
the higher percentage of each constituent. How’ever, the increase of 
these constituents with size of pea is not preferential increase with 
respect to total solids; on the dry basis the percentage of these con¬ 
stituents remains practically constant, i. e., mineral elements and 
total solids are laid down at approximately the same rate. The data 
for protein and calcium in relation to size are in agreement with those 
reported by Sayre et ai. (S). 
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Figure 2 shows the iron, copper, and manganese content of the peas 
calculated on the wet basis. The general trend w^s an increase with 
size, except in the case of copper in the Alaska variety; here there was 
a decrease. Again the composition of the Alaska variety was found 
to be different from that of the sweet or wrinkled variety. 



£i2£ OF PEA 5IZ£ qF PEA SIZE OF PEA 

Figure 1.— Protein, calcium, phosphorus, and crude fiber content of canned peas (wet basis). 

Because of a larger amount of dry matter and hence a larger sum of 
all the constituents, the larger pea has the greater food value. 

The question arose as to whether such factors as soil, fertilizer 
treatment, inoculation, climatic conditions, etc., might have such an 
effect on the composition of the peas as so mask the variation due to 
size. In order to minimize these factors, samples were obtained from 



SIZE OF PEA SIZE OF PEA 

Figure 2.--Iron, copper, and manganese content of canned peas (wet basis). 

a single eanneiy and their composition determined. In table 2 it is 
shown that the chemical composition of the peas from 1 cannery 
is very siralar to that of the composite samples from 4 canneries. 
The variables, therefore, which affect the constituents of the canned 
product appear to have been practically the same for all the canneries. 
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Table 2.- —Proteiriy phosphoruSj and calcium content of sweet or wrinTded and 
Alaska peas from 1 cannery and of composite samples from 4 canneries ^ (wet 
basis) 


Size 

Variety and grade 

Protein 

1 

j Phosphorus 

Calcium 

no. 

A 

B 

A 

f 

B 

A 

B 


Sweet or wrinkled, unknown: 

Percent 

i 

! Percent 

Percent 

Percent 1 

Percent 

\ Percent 

1 

Standard__--- 

i 2.22 

1 2.43 

0.0431 

0.0418 i 

: 0.0173 

1 0.0202 

2 

Fancy—-...-. 

! 2.63 

2.71 j 

.0447 

. 0494: 

.0166 

! .0205 

3 

Extra standard__ 

! 3,34 

3.0S I 

.0598 

.0525 : 

.0186 

i .0229 

4 

Standard...... 

i 3.06 

3.66 1 

.0578 1 

,0621 1 

.0193 

.0252 

5 

Do___ 

1 3.96 1 

3.63 1 

.0721 i 

.0.595 1 

.0228 

.0249 

6 

Do.... 

Alaska; i 

i 4.56 i 

1 1 

4.10 j 

1 

i . 0848 ! 

1 

' .0669 

.0250 

.0273 

1 i 

Extra standard... 1 

2.47 

2.6S ! 

.0500 1 

.0.528 ! 

.0193 

.0209 

2 ! 

Standard---...' 

3.68 

3.03 i 

.0752 j 

.0555 1 

.0187 i 

‘ .0190 

3 I 

Do... 1 

3.83 

3.49 1 

.0799 

.0639 I 

.0234 1 

.0212 

4 

Do... 

i i 

4.28 

3.82 1 

.0810 

.0710 i 

.0216 

i 

.0243 


1 A, figures for composite samples (5 cans each) from 1 cannery; B, figures for composite samples, (4 or 8 
cans each) from 4 canneries. 


As there are yariations in quality within a given size of pea the 
question arose as to the relation between grade and composition 
when all samples were taken from one size. Wliile there are differ¬ 
ences in composition the figures in table 3 do not vary in any regular 
manner. In the Alaska variety the Standard gra&e contains the 
largest amount of dry matter, in the wrinkled variety the smallest 
amount. The protein content follows that of dry matter but the 
other constituents are quite constant. 


Table 3. —Variation in composition of Alaska and sweet or wrinkled peas of differ- 

ent grades (dry basis) 


Variety and grade ^ 

Dry 

matter 

Protein 

Phos¬ 

phorus 

Calcium 

Iron 

Man¬ 

ganese 

Copper 

Alaska, size 2: ^ 

Percent 

Percent 1 

Percent: 

Percent 

Percent 

Percent 

Percent 

Standard. 

16.88 

3.68 i 

0.0752 

0.0187 

0.01010 

0.00115 

0.00125 

Extra standard. 

16.06 

3.08 j 

.0561 

,0210 

.00943 

.00126 

.0010 

Fancy. 

14.29 1 

3.06 1 

.0537 1 

. 0167 

.01250 

.00151 1 


Sweet or wrinkled, unknown. 


1 



' j 

! 


size 4: 2 

: i 

1 






Standard-- -_ 

i 13.37 

2.98 j 

.0542 i 

.0216 




Extra standard.. -- 

1 15.92 ! 

4.04 1 

,0691 : 

.0218 




Fancv-.. 

14.04 ' 

3.28 i 

.0495 ! 

.0255 









--! 




’ As giv’en by the packer. 2 Average of 5 samples of each grade. 


SUMMARY 

The protein, calcium, phosphorus, copper, iron, manganese, and 
crude fiber content of canned peas of different sizes are given. The 
data are based on 127 samples from four canneries and represent the 
two important varieties of peas, smooth and wrinkled. 

The percentages of diy matter, protein, calcium, phosphorus, 
copper, iron, manganese, and crude fiber of the canned product in 
general increased with size of pea. An exception is the copper content 
of the Alaska variety. If calculated on the dry basis the protein, 
calcium, and other constituents are found to be rather constant. 

From certain points of view the nutritive value of the Alaska variety 
was superior to that of the sweet or wrinkled as the former contained 
more protein, calcium, and phosphorus. 
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PUBESCENT AND GLABROUS CHARACTERS OF SOY¬ 
BEANS AS RELATED TO RESISTANCE TO INJURY BY 
THE POTATO LEAF HOPPER ‘ 

By H. W. Johnson, associate pathologist, and E. A. Hollowell, agronomist, 
Division of Forage Crops and Diseases, Bureau of Plant Industry, United States 
Department of Agricult ure - 


INTEODUCTION 

Soybeans {Soja max' (L.) Piper) may be divided roughly into the 
following three groups, on the basis of amount and type of pubes¬ 
cence on the leaves, stems, and pods: (1) Practically glabrous, (2) 
sparingly appressed-hairy, and (3) densely rough-hairy (fig. 1). The 
varieties grown commercially in the United States are practically all 
of the rough-hairy type, while many of the recent introductions from 
the Orient are glabrous or appressed-hairy. According to W. J. 
Morse these types, because of their resistance to the attack of a 
pod-boring insect, are videly grown in the Orient. When planted 
at the Arlington Experiment Farm, Rosslyn, Va., the glabrous type 
was heavily infested and seriously injured by the potato leaf hopper, 
Empoasca jahae (Harris) ; vrhile rough-hairy varieties, grown nearby 
and presumably exposed to the same opportunities for infestation, 
were relatively free from leaf hoppers and from symptoms of leaf 
hopper injury. This difference is illustrated in figure 2. 

Hollo well, Monteith, and Flint (i),^ Pieters (9), and Monteith and 
Hollowell (d) have called attention to a similar situation in the case 
of red clover. The last-named writers report that— 

In red clover there is a direct correlation between hairiness of the leaves, 
petioles and stems and resistance to hopper injury. All the European and South 
American red clovers imported into this country (susceptible) are smooth or 
appressed pubescent, whereas red clover produced in this country and Canada 
(resistant) is rough pubescent. 

Poos and Smith {10) compared the oviposition of Empoasca fabae 
females on red clover and soybean plants with the various types of 
pubescence and found that more nymphs hatched from the glabrous 
and appressed-hairy types than from the pugh-hairy. The prefer¬ 
ence of the females for these types for oviposition is doubtless one 
reason for their greater injury when all three types are grown together 
in a comparative field test. 

1 Beceived for publication June 1,1935; Issued October 1935. This paper reports the results of certain 
phases of a cooperative study of the injury caused by Empoasca fabae (Harris) to forage legumes, which is 
being made at Arlington Experiment Farm, Rosslyn, Va., by the Division of Cereal and Forage Insects, 
Bureau of Entomology and Plant Quarantine, and the Division of Forage Crops and Diseases, Bureau of 
Plant Industry, XJ, S. Department of Agriculture. 

■ 2 Indebtedness is acknowledged to C. M. Woodworth, Illinois Agricultural Experiment Station, and 
W. J. Morse, Division of Forage Crops and Diseases, Bureau of Plant Industry, U. S. Department of 
Agriculture, for supplying the seed used in these experiments; and also to F. W. Poos, Division of Cereal 
and Forage Insects, Bureau of Entomology and Plant Quarantine, U. S. Department of Agriculture, for 
infesting field cages with Empoasca, 

s Oral communication. 

^ Reference is made by number (italic) to Literature Cited, p. 380. 
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Two genetically distinct types of glabronsness have been demon- 
strated in soybeans: Nagai and Saito (7) in 1923 discovered a 
type in which glabrousness was dominant, while Stewart and Wentz 
(i^) in 1926 reported a type in which glabrousness was recessive. In 
crosses vith pubescent varieties, the ratio is a 3 :1 in each case, show 
that a single-factor pair is involved. It appeared that a study of a 
large number of progenies from a cross between a pubescent and a 



Ficuee L—-Stems and petioles {A~C) and pods (D~F) of practically glabrous (A, D), sparingly appressed- 
hairy (B, B), and densely rough-hairy (C, F) soybeans. -4-C, X 3; JD-F, x 4. 


glabrous soybean would yield evidence as to whether the rough-hairy 
pubescence or some other character of the pubescent plants was 
responsible for their resistance to injury by Empoasca fabae. Seed 
of 29 glabrous Fg plants from a cross made between Illini (rough- 
Wiy) and a dominant glabrous soybean were obtained from C. M. 
Woodworth of the Illinois Agricultural Experiment Station. This 
paper reports the results from a study of the Fg progenies of these 
29 plants grown at Arlington Experiment Farm in 1931, of 108 F 4 
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progenies grown in 1932, and of 73 Fs progenies grown in 1933. In¬ 
cluded also are observations on 34 glabrous and appressed-pubescent 
soybean introductions grown in 1931 and 32 similar introductions 
grown in 1932. 

EXPERIMENTAL METHODS AND RESULTS 
SOYBEAN PROGENIES 

Seed of 29 glabpus F^ plants from a cross between Illini (rougb- 
hairy) and a dominant glabrous soybean was sovm in progeny rows 
May 20 , 1931. An excellent stand was secured and by July 13 
marked differences in Empoasca infestation, stunting of growth, and 
injury to the leaves were evident between the glabrous and the rough- 
hairy individuals. The notes taken on this date may be summarized 
as follows: ( 1 ) Of the 29 F 3 progenies, 14 were homozygous glabrous 



Figure 2.—'Alternate rows of rough-hairy (Dixie) and glabrous (S. P. I.« no. 55069) soybeans growing at 
Arlington Experiment Farm on Aug. 6,1931. The rough-hairy plants in the outside rows are practically 
free Empmsca and show no symptoms of injury, while the glabrous plants in the center row are 
heavily infested and severely stunted and have curled leaves with yellowed necrotic margins. 

and 15 segregated in a ratio of approximately 3 glabrous to 1 rougb- 
hairy; ( 2 ) the glabrous individuals (total number 813), in both the 
homozygous and the heterozygous progenies, were all heavily infested 
with Empoasca and were severely stunted in growth, averaging only 
8 inches in height, and their leaves were ciuled and had yeUowreci 
necrotic margins; (3) the rough-hairy individuals (total number 129) 
were all relatively free from Empoasca and averaged 15 to 16 inches in 
height, and their leav'es show'ed no symptoms of leaf hopper injury. 

These differences in degree of Empoasca infestation, stunting of 
growth, and leaf injury persisted throughout the season, and when 
final notes were taken on September 2 the glabrous plants averaged 
about 13 mches in height and bore relatively few^ seed pods, while the 
rough-hairy plants averaged about 25 inches in height and bore abun¬ 
dant seed. Late in September 1931, seed was harvested from 
individual glabrous and rough-hairy plants. 


5 S. P. I. denotes Seed and Plant Introduction, Bureau of Plant Industry. 
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Seed of lOS of tlie F 3 plants was sowni in progeny rows on May 23, 

1932, and, as in the previous season, by the middle of July marked 
differences in Erapoasca infestation, stunting of growth, and injury to 
the leaves were evident between the glabrous and the rough-hairy 
individuals. The notes taken between July 19 and 27, 1932, may be 
summarized as follows: ( 1 ) Of the 108 F 4 progenies, 47 were homoz}^- 
goiis glabrous, 32 segregated in a ratio of approximately 3 glabrous 
to 1 rough-hairy, and 29 were homozygous rough-hairy; (2) the 
glabrous individuals (total number 4,509), in both the homozygous 
glabrous and the heterozy^gous progenies, were all heavily infested 
with Einpoasca and were stunted in growth, averaging about 15 inches 
in height, and their leaves were curled and were beginning to yellow 
at the margins, although little marginal necrosis had developed at 
this time; (3) the rough-hairy individuals (total nimiber 5,449) were 
all relatively free from Empoasca and averaged 25 inches in height, and 
their leaves showed no symptoms of leaf hopper injury. 

As the season advanced, marginal leaf necrosis became much more 
pronounced on the glabrous plants, and the differences in degree of 
Empoasca infestation and stunting of growth persisted. Late in 
September 1932, seed was harvested from individual plants in 
each progeny. 

Seed of 73 of the F 4 plants was sown in progeny rows on May 24, 

1933. By the middle of July, as in the two previous seasons, marked 
differences in Empoasca infestation, stunting of growth, and injury to 
the leaves were evident between the glabrous and the rough-haii^ 
individuals. These differences, which are typical of those present in 
each of the three seasons, are shown in figure 3, illustrating the three 
types of Fg progenies. As the season advanced the differences became 
even more pronounced, and the notes taken September 25, 1933, 
may be summarized as follows: ( 1 ) Of the 73 Fg progenies, 32 were 
homozygous glabrous, 32 segregated in a ratio of approximately 3 
glabrous to 1 rough-hairy, and 9 were homozygous rough-hairy; 
(2) the glabrous individuals (total number 3,248), in both the homozy¬ 
gous glabrous and the heterozygous progenies, were all infested with 
Empoasca and were stunted in growth/averaging about 14 inches in 
height, and their leaves were curled and had yellowed necrotic 
margins; (3) the rough-hairy individuals (total number 1,177) were 
aU relatively free from Empoasca and averaged about 29 inches in 
height, and their leaves showed no symptoms of leaf hopper injim^. 

The data and notes on the three generations of progenies from a 
cross between Illini (rough-hairy) and a dominant glabrous soybean, 
which were growm in 1931,1932, and 1933, are summarized in table 1. 
The consistency with which over a period of three generations in 
material of known genetic constitution the glabrous plants all 'were 
heavEy infested and severely stunted and had curled hopper-burned 
leaves, while all the rough-hairy plants were practically free from 
Empmsca^. grew vigorously, and had normal leaves with uninjured 
mar^ns, appeara to justify the conclusion that, in the soybeans 
tested, resistance to the injury caused by the potato leaf hopper wms 
correlated with the occurrence of rough-hairy pubescence. 




Figure 3—Homozygous glabrous {A), heterozygous (J5), and homozygous rough-hairy (C) Fs progemes 
from a cross between Tl lfni (rough-hairy) and a dominant glabrous soybean, growing at Arlington Ex¬ 
periment Farm on July 14,1933. The glabrous plants are heavily infested with Hmi>oa«ca, ^e severely 
stunted, and have curled leaves with yellowed necrotic margins; while the rough-hairy plants are prac¬ 
tically free from leaf hoppers and are growing vigorously, and their leaves show no symptoms of hopper 
injury. The background is ruled in 1-foot squares. 


376 


Journal of Agricultural Besearch 


VoL 51, no. 4 


Table 1. —Smmnarized data on 3 generations of soybeans from a cross between 
mini (rough-hairy) and a dorninant glabrous type^ grown at Arlington Experiment 
Farm,'in 1931, 1932, and 1933 to determine whether resistance to injury by the 
potato leaf hopper is correlated with occurrence of rough-hairy pubescence 


Individuals 


Year 


Genera¬ 

tion 


Phenotypes 


[Progenies 


Glabrousi 


Rough- 
hairy 2 


Ratio of 
glabrous 
to rough- 
hairy 


1931. 

1932. 

1933. 


Ps 

Fi 

F5 


f Glabrous... 

\Glabrous and rough-hairy. 

(Glabrous... 

' Glabrous and rough-hairy. 
(Rough-hairy. 

{ Glabrous.. 

Glabrous and rough-hairy. 
Rough-hairy. 


Number 

14 

15 
47 
32 
29 
32 
32 

9 


Number 


Number 


412 
401 
3,093 
1,416 
0 

1,995 

1,253 

0 


0 

129 

0 

442 

5,007 

0 

422 

755 


3.1 :1 


2 . 97:1 


Total. 


210 


8,570 


6,755 


1 Heavily infested with Empoasca and severely stunted, having curled leaves with yellowed necrotic 
largins. 

2 Practically free from Empoasca, vigorous, having normal leaves with uninjured margins. 


SOYBEAN INTRODUCTIONS 

Seven glabrous and 27 appressed-haiiy soybean introductions were 
grown in rod rows adjacent to the Fg progenies in 1931, while 16 
glabrous and 16 appressed-hairy introductions were grown adjacent 
to the F 4 progenies in 1932. The rough-hairy varieties Herman and 
Dixie were included in the planting of both years for comparison. In 
both 1931 and 1932, the glabrous introductions (fig. 4, were 
heavily infested with Empoasca^ were stunted in growth to about 1 
foot in height, and had curled leaves with yellowed necrotic margins. 
The appressed-hairy introductions (fig. 4, J5), on the other hand, were 
less heavily infested, and, while their leaves were ciinkled and slightly 
yellowed at the margins, the plants attained a final height of 2 feet 
or more without evidence of marked stunting. The rough-hairy 
varieties attained a height of approximately 2% feet each season and 
w^ere practically free from leaf hoppers, and their leaves showed no 
symptoms of hopper injury. 

Three of the glabrous introductions grown in 1931 and eight of 
those grown in 1932 contained a few rough-hairy plants, apparently 
as a result of segregation. In all siich instances the glabrous plants 
were heavily infested and stunted while the rough-hairy plants were 
practically free from leaf hoppers and grew normally (fig. 4, 0) 
just as ill the case of the segregating progenies discussed above. 
The possibiEty of establishing leaf hopper resistant strains by selec¬ 
tion of the hdry plants from these segregating introductions is evident. 
By this method, Kottur {4) and Kottur and Maraliballi (5) established 
a leaf hopper resistant strain of American cotton (Gad^ No, 1 ) which 
almost entirely replaced the ordinary Dharwar-Ameiican variety (a 
mixture of hai^, sparh^ly hai^, and glabrous phenotypes) in the 
Dharwar-American tract in India. 























Figuke 4.— Glabrous (-4), appressed-bairy (J5), and segregating (C) soybean introdnctions, growing on 
July 29, 1932, The glabrous plants have been stunted by a heavy infestation of leaf hoppers, the ap- 
pressed-hairy plants are less heavily infested and show no marked stunting, although their leaves are 
crinkled and slightly yellowed at the margins. The rough-hairy plants in C are practically free from 
leaf hoppers, and their leaves show no symptoms of injury. The background is ruled in 1-foot squares. 
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DISCUSSION 

Nagai and Saito (7), Stewart and Wentz {12), Owen {8), Wood- 
worth and Veatch (15), and Veatch {IS) have reported that glabrous 
soybeans were stunted in growth and yielded less than the pubescent 
vMieties. Yeatch {IS) concluded from his genetic studies that in the 
dominant glabrous type of soybean, the factor P, inliibits the normal 




Figuee 5.— Representative plants of three F4 progenies from a caross between niini (rough-hairy) and a 
dominant glabrous soybean, grown in a tobacco-cloth cage infested with Empoasca (.4-i?) and in a similar 
uninfested care (E-H). The infested glabrous plants (homozygous, A; heterozygous, C) are stunted and 
have curled leavte with yellowed margins, while those kept free from leaf hoppers (homozygous, E; 
heterozygous, G) have uninjured leaves and have made practically as tail growth as the rough-hairy 
plants (homozygous, B, F; heterozygous, D, H), The background is ruled in l-foot squares. 

v%or and plant development as well as pubescence or is closely 
iiidied with factors that reduce vigor and development. Since Pi is 
not presto! in the recessive glabrous type, Woodworth (14) concludes 
that here lack of vigor most likely is due to the recessive factor 
which is responsible for glabrousness in this strain. The writers have 
phserrwi that when progenies are grown to the young plant stage in 
a ^tohou» free from leaf hoppers, the rough-hairy seedlings grow 
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more rapidly and somewhat more vigorously than the glabrous 
seedlings, apparently because of some genetic difference. However, 
when progenies are grown to maturity out of doors, but under cages 
so that the plants are kept practically free from leaf hoppers, the 
glabrous plants, while much lower in seed yield, are not severely 
stunted in growth. Tliis fact is illustrated by figure 5 , showing 
plants from the F 4 generation of the cross between Illirii (rough-hairy) 
and a dominant glabrous soybean, which were grown in tobacco-cloth 
cages in 1932. The plants above (A-D) are from a cage containing 
half of each of three phenotypically different progenies, wliich were 
artificially infested with potato leaf hoppers. The plants below (E~H) 
are from a cage containing the other halves of the same progenies, 
which were kept free from leaf hoppers tiiroughout the season. The 
infested glabrous plants (H, C) are stunted and have curled leaves 
with yellowed margins, while those kept free from leaf hoppers (£J, G) 
have uninjured leaves and are practically as tall as the rough-hair}^ 
plants. It would appear, therefore, that the extreme differences in 
growth and vigor between the rough-hairy and glabrous types when 
grown in the field are due in part to infestation of the glabrous plants 
with potato leaf hoppers. 

The significance of the dense rough-hairy pubescence in the resist¬ 
ance of this type to leaf hopper injury is an interesting question wliich 
so far has been answered only in part. Monteith and Hollowell (6) 
observed that plants with succulent and fleshy veins or petioles, such 
as cowpeas, seem to be preferred by the hoppers, and conclude that, 
although dense pubescence evidently serves as a mechanical obstruc¬ 
tion which in some way interferes with the activities of the insects, 
there appears to be some factor involved other than or in addition to 
that of hairiness. Poos and Smith (10) compared oviposition and 
nymphal development of Empoasca fabae on plants with the various 
types of pubescence and concluded that factors other than amount 
and type of pubescence probably are responsible, at least in part, for 
the resistance to injury by this leaf hopper observed in some of the 
strongly pubescent varieties of legumes. Jewett (£) observed no very 
direct relation between amount of injury and amount of pubescence 
in red clover and considered some unknowm factor to be responsible 
for the resistance of the native rough-hairy type. He later (3) re¬ 
ported that leaves of Kentucky red clover (rough-hairy) w^ere more 
resistant to puncturing than leaves of Italian red clover (practically 
glabrous) and concluded that the greater resistance of Kentucky 
clover to injury by E.jahae is due, in part at least, to greater resist¬ 
ance to puncturing. Since the histological work of Smith and Poos 
(11) showed that E.fabae feeds of necessity upon the vascular tissues 
of its hosts, measurements of the resistance of the leaf blades of red 
clover to mechanical puncturing probably are of only slight value in 
explaining differences in resistance of strains with the various types 
of pubescence. The results reported in this paper suggest that in the 
soybeans tested the mechanical protection of dense rough-hahy pubes¬ 
cence was primarily responsible for the resistance of the hairy plants 
to injury. Otherwise, one must assume the existence of some other 
character the inheritance of which is controlled by the same hereditary 
complex as pubescence. If another character for resistance existed, 
its presence probably would have become evident in at least a few of 
the segregating progenies. 
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SUMMARY 

Soybean progenies of the Fg, Fi, and F 5 generations from a cross 
between Illini (rough-hairy) and a dominant glabrous soybean were 
grown in 1931, 1932, and i933 to determine whether the resistance of 
roiigli-hairy soybeans to the injury caused by the potato leaf hopper, 
Empoasca jahae (Harris), is correlated with the occurrence of rough- 
hairy pubescence in material of known genetic constitution. 

In the tliree generations tested the glabrous individuals of both the 
homozygous glabrous and the heterozygous progenies were all heavily 
infeste'd with Empoasca^ severely stunted in growth, and had curled 
leaves with yellowed necrotic margins. The rough-hairy individuals, 
on the other hand, were almost entirely free from Empoasca, and grew 
vigorously, and their leaves showed no symptoms of leaf hopper injury. 

Glabrous and appressed-hairy soybean introductions from the 
Orient were grovm adjacent to the progenies in 1931 and 1932. The 
glabrous plants were heavily infested with leaf hoppers and were 
severely stunted, wiiile the appressed-hairy plants were less heavily 
infested and w’-ere not markedly stunted in growth, although many of 
their leaves were crinkled and had yellowed margins which later be¬ 
came necrotic. Some of the glabrous introductions contained rough- 
hair}’’ plants, probably segregates, wiiich were practically free from 
leaf hoppers and showed no symptoms of injury. 

It would appear that in the soybeans tested resistance to leaf 
hopper injury was due to the rough-hairy pubescence or to some 
character the inheritance of which is controlled by the same hereditary 
complex as pubescence. No evidence of the existence of such a 
character w^as obtained in these studies, which involve three genera¬ 
tions of progenies consisting of 8,570-glabrous and 6,755 rough-hairy 
individuals. 
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THE RELATIVE PROTEIN EFFICIENCY AND THE RELA¬ 
TIVE VITAMIN G CONTENT OF COMMON PROTEIN 
SUPPLEMENTS USED IN POULTRY RATIONS' 

By H. S. WiLGUS, Jr., investigator in 'poultry 7iutriiion; L. C. Noreis, assistant 

poultry husbandman; and G. F. Hexjser, poultry husbandman, New York 

{Cornell) Agricultural Experiment Station - 

INTRODUCTION 

Considerable evidence lias accumulated which indicates that a 
wide variation exists in the growth-promoting properties of the pro¬ 
tein-rich feedstuffs used in poultry rations. These discrepancies 
have been ascribed largely to differences in quality of proteins. Nor¬ 
ris and Heuser (12)'^ suggested, however, that these properties may 
be due not only to protein quality but also to vitamin G content. 
Later Norris and liis coworkers (13) and Bethke, Record, and Ken- 
nard (1) showed that the need of poultry for vitainin G is very gi’eat 
and that cereals and their byproducts do not contain sufficient of 
this vitamin to satisfy the need. It was evident, then, that much of 
the vitamin G required by poultry was supjjlied by means of the 
protein concentrates. Hence the usual conception of the value of these 
feedstuffs was only partially correct and a further investigation of 
this field was necessary. 

Preliminary studies with chicks to determine the growth-promoting 
properties of meat scraps, whale-meat meals, and fishmeals, appeared 
to confirm the suggestion of Norris and Heuser (12), Accordingly, 
the subsequent work was conducted in two phases, based upon the 
theory that the value of protein-rich feedstuffs for feeding poultry 
was due both to protein quality and to vitamin G content. The 
first of these studies was limited to the evaluation of the proteins by 
determining their relative efficienc}^ of utilization for growth processes. 
The second dealt vith the quantitative determination of the \dtamin 
G content of these materials. In a prelmiinary report of this inves¬ 
tigation (25), evidence was presented which supports the initial 
theory. This has been corroborated recently by Record, Bethke, 
and Wilder (IS), who found that haddock meal frequently contains 
considerable vitamin G as well as protein of fine quality. 

THE RELATIVE EFFICIENCY OF THE PROTEINS 

METHOD 

Originally it was planned to adapt to chicks the method of Mitchell 
(10) for determining the biological value of proteins. St. John and 
his coworkers (20) liave since reported on such an adaptation. 

1 Keceived for publication Apr. f>, ltr35; issued December 1935. 
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However, the lack of a suitable synthetic ration capable of supporting 
the cliicks satisfactorily for even a period of 1 week and the lack of 
an accurate method for differentiating urinary and fecal nitrogen 
added such variants to this procedure that the necessary assumptions, 
in addition to those in the original method, might seriously have 
impaired the value of the data. Furthermore, the practical applica¬ 
tion of deteriiiinations of biological value is difficult, since the effects 
of digestibility have been eliminated. The biological value, there¬ 
fore, expresses only one phase of protein utilization, that indicating 
the extent to which the assimilated protein imder study meets the 
amino acid requirement of the animal used. A simple nitrogen 
balance trial was therefore decided upon since the results obtained 
would be a measure of the entire natural process rather than any 
part of it and could be directly applied in practice. A practical 
cereal basal ration was used in these studies. 


Table 1, —Constitution of the casein control ration 


Ingredients | 

Parts 

1 

Nitrogen 

Fat 

Ash 

1 

Yellow corn meal____ 

1 

Percent 
33.82 
20.00 
1.00 
.50 
. 56 

Percent 
0.511 
. 589 

Percent 

1.57 

.91 

Percent 

0.52 
.68 
1.00 

Wheat “flour middlings_____ 

Salt __-.r.______ 

Cod-liver oil- -. __- ___ 


.50 

Liver-CYtract (dry basisj-— ___-...- -_ 

.045 

.06 

Subtotal_ __ __ 


55.88 
7.69 
1.51 
3. 57 

1.145 1 
1.055 

2.98 

j .01 

1.51 

2.26 

.17 

Casein.--...-.... 

Lard...... 

Bone ash.-.-.. 


1 3,57 

Subtotal—.-___ 

.i 


68.65 
31.35 

2.200 

4.50 

6.00 

Sugar..-.-___ 

Total_-----___ 




100.00 

2.200 

4.50 ' 

6.00 



The casein control ration and the method of standardizing the nitro¬ 
gen, fat, and ash at the required levels are given in table 1. The 
amount of wheat-flour middlings was standardized at 20 percent but 
the corn meal varied in different lots of the basal diet according to the 
amount necessary to make the total nitrogen from these sources 1.10 
percent. The only variation between the rations \vdthin a trial was 
in the protein supplement used and in the amounts of bone ash, lard, 
and sugar necessary to make the proper adjustments. The total 
amount of nitrogen supplied was equivalent to 13.75 percent of 
protein (N X 6.25), which is below the optimum requirement of White 
Leghorn chicks during the early stages of growth (4). 

The liver extraet was obtained by a method suggested by R, M. 
Bethke, of the Ohio Agricultural Experiment Station. Pork liver was 
ground, cooked in double boilers, dried, reground, and extracted with 
ether. The residue from 1 kg of dried liver was extracted five times 
with 21 of 20-percent alcohol by weight. The combined filtrates were 
heated to boiling, filtered, and concentrated in vacuo so that 1 ml of 
extract was equivalent to 1 g of the original dried liver. Assays 
showed that this should be used at a level of 2 ml, or 0.56 g on the dry 
basis,^ per 100 g of ration in order to supply sufficient vitamin G. 

This ration was roixed together with the exception of the cod-liver 
pi and wm granulated by moistenii^, drying at low temperature, and 
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grinding to pass a 10-mesh screen. By granulation, the feed wastage 
was reduced to negligible proportions. 

The trials were conducted with normal Wliite Leghorn clucks during 
the sixth and seventh weeks of age. Clxicks of this age are still in a 
period of rapid growth, but are not in a period of active molt. The 
excreta, therefore, consisted of feces, urine, and slough of skin and 
feathers. During the first 5 weeks, the cliicks were reared on a com¬ 
plete ration containing an excess of the vitamin G complex. They 
were then distributed evenly according to weight and sex in individual 
cages, equipped with feeders especially designed to reduce feed wast¬ 
age to a minimum (fig. 1). vSix chicks per lot were used in these studies 
since preliminary work had indicated that this number was siifiicient 
for consistent results. The room used for this work was well venti¬ 
lated and was heated with steam thermostatically regulated to main¬ 
tain the temperature at approximately 70^ F. A time clock was 
used to insure a 15-liour day. 



Figl'he L—Individual cages, equipped with feeders especially designed to reduce feed wastage to a minimum. 


The birds were fed the growth ration for 2 days to accustom theiii 
to the cages. They were then given the experimental ration for a 
preliminary period of 5 days in order to adjust them to the ration and 
to cleanse the body of residual nitrogen from the growth ration. 
Preliminary trials had shown that 5 days was adequate for this pur¬ 
pose. During this time the birds were weighed daily at 9 a. ni. and 
were then fed one-half of their daily ration. The remainder was fed 
at 5 p. m. The amount of feed given each chick daily ^was equal to 
10 percent of the body weight. By this system of feeding the appe¬ 
tites of aU chicks, regardless of growth rate, w^ere approximately 
equally satisfied. This level of feeding was slightly suboptimaL 
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The experimental period began on the morning of the eighth dax" 
and ended at the same time on the fourteenth day. Prelimiiia.ry 
studies had shown 6 days to be the optimum length of time. The 
birds were weighed and wmre fed as already described except that 
distilled water was given in place of tap water. Clean cage floors 
and excreta pans were substituted for those used in the preliminary 
period as soon as possible after the morning feeding of the eighth day, 
and the exact hour was noted. In order to prevent loss of ammonia, 
about 200 ml of distilled water and 10 ml of sulphuric acid were 
placed in each pan. Several blank pans were likewise treated in 
order to check the presence of ammonia in tlie air from outside sources. 
The birds were removed from the cages on the fourteenth day at the 
same hour that the excreta pans had been placed in use 6 da.ys pre¬ 
viously. 

As a general rule, the average gain per bhd during this period was 
about 70 g on the casein control diet. This gradually decreased to 
ab«uit g on diets with a relative protein efficiency of approximateh" 
1 )0. The occasional birds which failed to gain in the same jnanner 
as the others in their particular lot or to eat the required amount of 
feed, <u- which W'asted an imdiie ([uaiitity of feed were eliminated. 

Tlie material adhering to the wire-niesh floors wits removed into 
the excreta pans by scrubbing, and the excreta of all birds in each 
lot left ill the experiment wmre mixed by sex. Concentrated sulphuric 
acid wuis poured into each jar of excreta, with constant stmring, to 
the extent of about 30 ml per bird represented, and the jars wmre 
subjected to a temperatme of about 60*^ C. for several days in order 
that the excreta might undergo partial hydrolysis. The excreta were 
then rinsed into a tared mixing can, \veighed, w^hipped at liigli speed 
in order to thoroughly break up and mix the material, and a sample 
was w'eighed out for nitrogen analysis. 

The percentage of nitrogen utilized for growth by each sex in each 
lot was computed from the analyses of the feed consumed and of the 
excreta, correction being made for any nitrogen found in the blank 
pans. The percentage storage Avas then calculated for each sex and 
the results were averaged by lot. The necessity for doing this w^as 
later confirmed by a statistical study by Fisher’s method {S, py. 
105-107) for paired data of the results of 38 lots on the casein control 
ration. The average percentage storage for the males was 41.93, and 
for the females, 40,85. The odds were 49:1 that tliis difference vras 
not due to chance alone. The relative protein efficiency was de- 
teiniiiied by dmding the percentage of nitrogen stored from the pro¬ 
tein under study by the percentage stored from the casein control lot 
for tliat particular trial and multiplying by 100. 
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Table 2.— C^(rnni<ivncij of (he rCrSiiKs ohfaim'd in delcnnining relative protein 

efficiency of fishnieals 


Fishmeal 

na. 

Trial 

no. 

Frolcin storage 

Relative 

eflleieney 

Fishmeal 

no. 

Trial 

no. 

Protein sioviige 

I tela live 
efiiciency 

Sample 

Casein 

Sample 

Aver¬ 

age 

Sample 

Casein 

Sample 

i Aver- 
' aee 



Percent 

Percent 


i 



Percent 

Percent 




/ 22 

45. 2 

43,2 

105 



[ 32 

41. S 

43.0 

97 

1 

1-i_1 

1 33 1 

40.7 

39.0 

104 !J ! 

31__ 1 

\ 37 

3S. 2 

39.0 

98 

■ 96 

t 1 

) 22 ! 

40.4 

43.2 

94 



1 42 

41.H 

44.4 

94 

1 

id- 

1 33 1 

30. 0 

39.0 

94 

/ 

i 

I 32 1 

44.3 

43. 0 

103 

1 

OQ 1 

f 33 i 

37.1 

39.0 

95 


32._.! 


41.9 

39.0 

107 

■ 105 

Jo__ 

137 j 

37.0 

39.0 i 

95 



l42 ! 

46.8 1 

44.4 1 

105 

1 


1 33 

42.7 ' 

39. 0 i 

109 

] 

Kt i 

f 30 i 

41.9 i 

41.9 1 

100 

l 1AA 

30.- -i 

• 37 A: 

38.4 : 

36.6 j 

105 



i 42 1 

44.5 1 

44.4 ! 

100 

f il/U 

1 

[ 42 i 

47.0 i 

44.4 i 

107 i| 1 

KO 1 


44.2 

41.9 ! 

105 

1 r nr. 




1 


1 

DS _ 1 

\ 42 ! 

47.2 i 

44.4 i 

106 

/ iUu 


Some typical results on fishineals in wliieli repetitions liave been 
conducted are presented in table 2. These data show that the per¬ 
centage storage of a particular sample varied somewhat with repetition. 
An accimiulatioii of such data over a period of several years indicated 
that this variation was seasonal, tending to be liigh in the spring and 
summer and low in midwinter. On the other hand, the results show 
that this variation was compensated by including the casein pen as a 
control lot and by expressing the results as relative protein efficiency, 
since the widest variation in any sample was 4. By using analysis of 
variance according to Snedecor (22, pp. 13-20), the ratio (A) of the 
mean square between the means of the fishmeals and the mean square 
within fishmeals was 33.2, Since a value for F of 5.06 under these 
conditions is highly significant, the chance of getting a difference 
greater than 4 in the relative protein efficiency by repetition of a 
determination was less than 1 in 100. This showed that a difference 
greater than 4 in relative protein efficiency is probably significant, or 
very nearly so. 

Since the standards for fat and bone ash originally set were exceeded 
slightly from time to time, the effect of variations in these nutrients 
and, in addition, the effects of adding moderate amounts of fiber and 
of varying the protein level were studied. The results, shown in table 
3, demonstrated that a considerable deviation was permissible in fat, 
ash, and protein. The addition of fiber in excess of 0.5 percent, how¬ 
ever, materially reduced the efficiency of utilization of protein. These 
data also showed that the level of nitrogen adopted was well under 
the optimum requirements for birds at this age on restricted feeding 
despite the fair rate of growth attained. 
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T.VFiLK Z.—Effect upnti relative protein efficiencp of variationH m the anunuiti^ of 
varions NJUrimta in the control diet when fed chicles in different pens 




Xutxicnt in diet 


i 

Rela- i 
tive j 
protein 
effiei- 1 
ency 

' 



Nutrient in diet 


Rela¬ 

tive 

protein 

effici¬ 

ency 

Pen 

no. 

i Total 

1 nitro- 
; gen 

Total 

fat 

Total 

ash 

Added 

fiber 

Pen 
i no. 

i 

Total 

nitro¬ 

gen 

Total 

fat 

Total 

ash 

Added 

fiber 

1 

i Percent i 
2.20 

Percent 
4.5 

Percent 

0 

Percent 

0 

i 100 

i 

6_ 

Percent > 
2.20 i 

Percent 

4.5 

Percent 

0 

Percent 
. 5 

101 

•> 

: 2.20 ‘ 

1 4.5 

! 8 ‘ 

0 

i 99 


2.20 

4.5 ! 

0 

1.0 

97 

a. 

; 2.20 ’ 

0.0 

1 6 

0 

: 97 

S_ 

2.20 

4.5 

6 

2.0 

91 

4_ 

2.20 

7.0 

6 ! 

1 0 

97 

9_ 

1.92 

4.5 

6 

0 

98 

5_ 

; 2.20 

7.0 

1 s! 

i 

i 0 

97 

10_ 

2.48 

4.5 

6 

0 

97 


Table 4. —Relative protein efficiency of common protein supplements 


Protein supplement 

Relative protein efficiency of sample-- 

-Aver¬ 

age 

a 

b 

c 

d 

e 

f 

Q 

h 

i 

/ 

k 

1 

Casein..-... 













100 

100 

104 

104 

94 

98 

91 

91 

80 

89 

85 

69 

75 

82 

73 

72 

73 
53 
61 

Dried skim milk.-. 

100 

101 

1 100 

1 10.5 











White fishmeal: 

Vacuum dried.. 

I 100 

1 102 

1102 

1 105 

105 

1 106 

1 106 

1107 

107 

in 

Flame dried.. 

194; 195 

941 102 
89 











Sardine fishmeal; 

Domestic.-. 











Asiatic--___ 











Menhaden fishmeal; 

Steam dried- . 

87 

79 

8S 

81 

93 

85 

71 

WJ 

75 

70 

92 

^95 

96 
1 2108 









Flame dried . -. 









Soybean meal: 

Expeller process.. 

Hydraulic procens.. 

! 85 

= 7»i 

1 7A 

! S 

j 72 
1 73 



... 

-- 





Meat scrap: 

75 percent protein. 




1 . 







fKJ percent protein _ __- 











55 percent protein.— 

50 i»rcent protein. 

45 percent protein.. 

7H 

71 

j 78 

! Vgi 
72 

i g2 

! 

75 

81 

75 

86 

78 

86 
1 78 

88 

911 

W'hale-meat meal: 

70-7.5 percent protein_ 

73 




i 







55-^ percent protein_ 

! . 54 ! .53 

;i_ 



!. 







Corn-gluten meal-.-. 

1 61 

i .57 

1 . 











Ground soybeans.---_-_ 

; fifl 

1 ! ■ 







1 



58 


i i 

; ! 


j 

1 i 

1 



^ These trials were made with samples produced under experimental conditions. 

^ These trials were not included in the average as the samples were not representative of general com¬ 
mercial production. 


EXPERIMENTAL RESULTS 


The results obtained on the protein supplements studied are pre¬ 
sented in table 4. Dried skim milk was found to possess the sime 
protein efficiency as casein. It appears, therefore, that the cystine 
deficiency of casein was adequately overcome by the cereal base 

used. 

The proteins of the whitefish meals prepared by vacuum drying 
surpassed milk proteins. This was surprising in view of the fact that 
this product is made from the scrap of the cod and haddock fisheries, 
which consists chiefly of backs and heads. The meals dried by 
steam under vacuum possessed no advantage over those dried by 
steam alone, but they were significantly better than the flame-dried 
ones. This is in accord with the results of Daniel and McCollum (^), 
Maynard and his coworkers (7, S), and Schneider {21), The variation 
within the vacuum-dried meals was wide. In more detailed studies 
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of sonic of these samples, reported elsewhere by the writers (24)^ this 
variation was found to be due largely to dift’erences in the method of 
nianufactiire. 

The domestic sardine meals from the Pacific coast were of high 
protein efficiency. This meal is wet-rendered and then dried m 
indirect flame or special steam driers wliich do not burn the meal 
when properly operated. Since the inclusion of the “stick^^ (water- 
soluble materials) had been found to improve the value of whitefish 
meals { 24 )y a sample of concentrated stick obtained in the produc¬ 
tion of one of the sardine meals was added back to the meal in the 
correct proportion, vdth the following results: 


Protein efficiency of sardine fishmeal —stick___ 94 

Protein efficiency of sardine fishmeal + stick_ 89 


This drop in value was contrary to results obtained on white-fish 
meals, but appeared significant since these figures were averages of 
two trials. The Asiatic sardine meals proved to be slightly inferior 
to the domestic product. 

The results obtained on menhaden fishmeal showed that the samples 
studied were in general somewhat inferior to the other kinds of fish- 
meals. Maynard, Bender, and McCay (7) and Schneider (21) have 
also noted the inferiority of this product to whitefish meal. Jvlen- 
haden meal is produced by wet-rendering and is dried generally in 
direct flame driers, which may cause some charring unless carefully 
operated. Some producers are now using steam driers. The men¬ 
haden meals produced by flame-drying, with two exceptions, were 
poorer than those produced by steam-drying. One of these better 
flame-dried meals was a commercial sample which was comparable 
in appearance and odor to a good steam-dried product. The other 
was especially prepared for experimental purposes. 

A number of these menhaden fishmeals were produced in pairs 
from comparable raw ingredients by the various methods of drying. 
The results obtained are as follows: 


Protein efficiency of menhaden fishmeal, vacuum-dried_89 

Protein efficiency of menhaden fishmeal, flame-dried__81, 108, and 79 

Protein efficiency of menhaden fishmeal, steam-dried_96 and 88 


The first pair showed a considerable difference in favor of the special 
vacuum-dried product over the flame-dried one. These data are 
in accord vith those of Maynard and Timison (8) obtained with, the 
rat on the same samples. The second pair of samples was produced 
in a commercial plant, but the flame drier was started up especially 
for this purpose, and a small batch was put tlrrough at a relatively 
low temperature and in a shorter time than usual. The results were 
materially in favor of flame-drying under these conditions. The 
third pair of samples was from the same plant and was prepared with 
both driers in commercial production. In this case the results were 
in favor of steam-drying and substantiate those of Alaynard and his 
coworkers (7, 8) obtained with the rat, and those of Schneider (21) 
obtained with the rat and pig. From these results, it is evident that 
good menhaden fishmeal can be produced in the direct flame drier 
only by careful operation. 

The soybean meals studied proved to be of slightly lower value 
than the menhaden fishmeals. The results indicated that meals 
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procliicod hy tlie hydraulic process ina.y l)C as o-ood as cxpcllcr 3iicals. 
The one saiuph^ of hydraulic meal tluit was low had a ]*a\v licany 
flavor, indicatiiip: insufficient cooking-. Th(‘ results of Osborne and 
Aleiidel { 15 ) showed that soybeans must be cooked thoroughly to 
obtain the best growth in rats. Robison {19), using swine, found 
that not only the soybean but also the soybean meal must be subjected 
to sufficient heat if satisfactory growth is to be obtained. Further 
unpublished work b}" tlie writers substantiates these results. 

Variable but somewhat inferior results were obtained from meat 
scrap. These samples originated from both rendering plants and 
large packing houses and were all dry-rendered in steam-jacketed 
melters. Kraybill (8) lias described the processes usually followed. 
This stud\' was restricted mainly to the 50- and 55-pcrcent protein 
grades, since these represent the bulk of the total production. Despite 
a \nde variation witliin each grade, there appeared to be a distinct 
difference in favor of the 55-percent product. The variations in 
protein efficiency were not found to be correlated necessarity with the 
bone-ash content of the scraps. Therefore the inferior protein value 
of 45- and 50-percent protein meat scrap cannot be entirely explained 
on the basis of higher content of bone proteins. The low efficiency 
found for the 75 percent protein product is in agreement with the 
results of Prange, Hauge, and Carrick {17). These samples were 
prepared from pork cracklings, which Hoagland and Snider {5) 
have shovm to be a poor source of protein for the growth of rats. 

I’he rendering process apparently causes little variation in the 
protein efficiency of meat scrap, as is shown by the following samples 
from table 4 which were prepared under controlled conditions: 


fjO percent .^0percent 
protein protein 
grade grade 

Protein efficiency of meat scrap, regular rendered_ 78 8(5 

Protein efficiency of meat scrap, vacuum rendered_ 78 81 


The two grades were produced by different packers under commercial 
conditions. Eacli pair came from comparable raw ingredients, one 
being rendered in the regular manner and the other with some vacuum. 
No beneficial effect was noted from tlie use of vacuum, since in the 
first pair the temperature used with the vacuum was so low as to 
greatly increase the time of processing, and in the second pair the 
temperature and the length of application were about the same as 
in the regular method. Theoretically there would be no benefits 
from the use of vacuum unless either the temperature or the time of 
lirocessing or both were reduced under the usual procedure. This 
has been substantiated to some extent by results obtained on several 
pairs of samples from a third company, as follows: 

nO percfiit Bh percent 
protein protein 
grade grade 


Prtrieiii efficiency of meat scrap, regular rendered_ 67 70 

Protein efficiency of meat scrap, vacuum rendered_ 72 71 


These meat scraps were prepared from comparable raw material, 
apparently of lower inherent value than those just discussed. The 
vacuum process was a commercial one in which a high vacuum was 
lised, and the time and temperature of processing were both less than 
in the regular method. Tlie results were slightly in favor of vacuum- 
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rendering. It is ])ro])ablc, therefore, that the variations in the protein 
{jviality of nieat scra.ps ai*e eaused largely by diirereneos in tlie niw 
niateria.]s used, as concluded by Pojie (Iti), 

Whale-meat meal oa the 'vvhole })r()ved to be of low protein effi¬ 
ciency, although the two high protein samples ranked with 50-percent 
meat scrap. No definite information was available as to the method 
of production of these samples. The two higher grade meals were of 
South American and South African origin, the other two samples were 
from the South Georgia Islands. 

The low protein efficiency obtained on the samples of soybeans is 
in agreement with the results of other workers, who found that raw 
soybeans were an unsatisfactory source of protein for the growth of 
rats (Osborne and Mendel (15)), pigs (Eobison (19)), and chicks 
(Tomhave and Mumford (23)). 

Corn-gluten meal was of low protein efficiency in the basal ration 
used, but in further -work conducted at this station, it has been found 
possible to supplement corn-gluten meal so as to make it satisfactory. 

One sample each of steam-dried blood meal and of vacuum-dried 
blood flour were included in these studies, but these products ren¬ 
dered the rations so unpalatable that food consumption was barely 
sufficient for maintenance. Hence, these results are not given. 
Further work on a practical diet showed that either product could be 
used to replace meat scrap to the extent of not over 2 percent of the 
total mash mixture wnthout materially affecting protein efficiency. 
Hoagland and Snider (5), using tlie rat, and Winter (26), using swine, 
have also found dried blood to be of low protein value and unpalatable. 

Sufficient evidence has been accumulated to demonstrate the varia¬ 
tions in relative protein efficiency among and within the common 
protein supplements studied, although the number of samples in some 
cases was limited. The comparative value of the various classes of 
protein supplements is in general agreement with the results which 
Mussehl and Ackerson (11) obtained on single samples of some of 
these materials, using the growth of cliicks as a criteiion. The varia¬ 
tions encountered could be explained not only by inherent differences 
in the raw materials but also by differences in the processes of manu¬ 
facture used in producing the finished products. In order to com¬ 
pensate for these unavoidable variations in practice, rations should 
be formulated vitli a sufficient excess of protein to provide a margin 
of safety. 

THE RELATIVE VITAMIN G CONTENT 

In the first part of this paper the writers have pointed out tliat wide 
variations in growth-promoting properties occurred among and within 
the common protein supplements used in poultry feeding, and data 
have been presented to show that at least part of these variations 
was due to differences in relative protein eflicieuey. Evidence was 
presented in a preliminary report by Wilgus, Ringrose, and Norris 
(25) that these materials likewise varied in c|uantity of the vitamin 
G complex and that this also accounted in part for such differences 
in growth-promoting properties. In order to verif}" the preliminaiy 
results and to determine more accurately the range in the vitamin 
G potency of such materials, the relative vitamin G content of most 
of the samples used in the previous report, as well as of some additional 
ones, was studied. 
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METHOD 

Tkc iissays were nuidc on Whiti^ Li‘g.horn (*hi<*kvS by a iiiotiiod 
developed at this laboratory. Clucks were grown on a wire floor 
to 2 weeks of age on a ration deficient in vitamin G. Pi’eliminaiy 
work had shown that this period was adequate to deplete chicks of 
their natural reserve of tliis factor. They were then distributed 
equally in all lots according to weight, the extremes being eliminated. 
Approximately 70 percent of the chicks originally started were used 
in the experiinental trials. In the seven trials reported here, an 
average of 20 chicks per lot was used, but the number ranged from 
lo to 22 in the different trials. 

x4fter distribution, the clucks were individually banded, reweighed, 
and then fed the basal ration, supplemented by 5 or 10 percent of 
the materials under study. One lot was continued on the basal 
ration as a negative control. During^ the experimental period, 
records of food consumption and of individual weights were made 
weekly. 

The basal ration was composed of wheat-flour middlings, 20; yellow 
corn meal, 54; cod-liver oil, 1; purified casein ^ to make 25 percent 
of protein on the dry basis; bone ash and refined cottonseed oil to 
standardize the bone ash at 2 percent and the fat at 6 percent in all 
cases; and cornstarch to make 100 parts. In the supplemented 
rations, 5 or 10 percent of cornstarch was replaced by the supplement, 
and the levels of protein, fat, and bone ash were adjusted to the 
required amounts. In the last two trials, it was necessary to increase 
the level of bone ash to 3 percent in order to include certain meat 
scraps high in this respect. No effect of this variation could be noted. 

The basal ration used in this investigation was nutritionally 
complete insofar as known except in the vitamin G complex. It was 
greatly deficient in the growth-promoting phase of this complex but 
seldom deficient in the antipellagric phase, and then so slightly that 
growth was not retarded. On the other hand, the nutritional 
paralysis associated with this complex (Norris et ah (14 ); Bethke et al. 
(Jf)) did occur to a moderate extent, but it wus not severe enough to 
affect growth results except in a few cases. Such individuals were 
eliminated. 

In four experiments, the birds were continued on the experimental 
diets for 6 weeks in order to determine the proper length for the 
experimental period. Six weeks proved to be too long, as the growth 
rate slo’wed up toward the end of that time and the need for vitamin 
G was reduced. As a result, the birds on the higher levels of vitamin 
G gained at a proportionately lower rate because of the operation of 
the law of diminishing increment. The net result was an apparent 
drop in potency, particularly when the growth on the negative control 
ration was higher than usual on account of variations in the vitamin 
G content of the basal ration. This effect, however, was not evident 

* Commercial msein was purified of vitamin G by dissolving 1 part in 10 parts of dilute sodium hydroxide 
solatlon, adjusting the pH to 9.0, and stirring constantly for 16 hours at a temperature of approximatelv 

C. The casein was precipitated with hydrochloric acid, drained, washed four times with tap water, 

and dried. 
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(luring the fii'st 4 weeks. The experimental period was limited tliere- 
fore to 4 weeks. 

It was felt that in determining the vitamin G content of protein 
concentrates the law of diminishing increment might interfere with 
the interpretation of the results. Hence, a study was made of the 
etfect of this law on feeding graded quantities of vitamin G, dried 
pork liver being used to supply this vitamin. A straight-line curve 



0 0.50 1.00 1.50 2D0 

DRIED PORK LIVER CPERCENTJ) 


Fhil’RE 2.—Weight gains of chicks fed dried pork liver as a source of vitamin O over gains of negative 

control birds. 

was found to fit liest the data obtained. These data and the straight- 
line curve are presented in table 5 and figure 2, respectively. This 
study demonstrated that at the levels of vitamin G used the law of 
diminishing increment had not become appreciably effective and that, 
unless unusually large quantities of the protein concentrates were fed, 
this law would not influence the accuracy of this method of determin¬ 
ing the vitamin G content. 
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Tablio 5.— Weigh! gaiHii of chickt< fn1 (trial pork liver at difftrcNi J(‘V('ls as a soi/rre 
of rifaaii/i G over gaios of Negative rontrol birds 


ovt'r n(‘:i;i1ive eonlntl birds in-- 


Dried pork liver I 
fed (percent) : 

Experiment 1 

Experiment 2 

Experiment 3 

Average 


Clain 

Standard 

errtjr 

Gain 

Standard 

error 

Gain 

Standard 

error 

Gain 

Standard 

error 

0.25..1 

Grams 
34. S 

17.69 

Grams 
25.1 

11.86 

Grams 

25.0 

8.54 

Grams 

26.3 

6.45 

.50__ i 

04.5 

12.34 

73 2 

16.43 

47.4 

9.93 

56.8 

6.95 

1.00 .i 

1U4.8 

19.42 

' 104. S 

1 23.11 

105.9 

1 12.81 

105.4 

9.69 

2.00_-_.. 

219. 2 

S.S4 

i 179.8 

i 

1 14.40 

! 

203.9 

1 13,64 

207.4 

6.60 


In calculating the data presented in table 5, the mean of the aver¬ 
age weight of males and females in each pen and its standard error 


were obtained by the approximate formula. 


AW B 

" 2' ^ 2 


derived 


from the exact formula given by hlellor (9^ p, 553). This was used 
in order not to give too much w^eight to the females, wdiich by 
nature are lighter than males and therefore have a smaller standard 
error. Three individuals which lost weight or failed to gain, usuallj" 
presaging death, were eliminated out of a total of 299 birds. How¬ 
ever, in averaging the lot gains made in the three trials on the same 


level of pork liver, the more exa(‘t formula (Mellor (-9)), 


a-+6“ 

i+i' 


__ 

/ I , was employed in order to give the greatest weight to the 
^ W P 


average gain with the smallest probable error, thus giving the greater 
influence to those lots of cliicks in which the least de^dation occurred 
and in which larger niunbers were used. 


The straight-line curve (fig. 2) was used in determining the relative 
vitamin G potency of the protein-rich feedstuffs studied. At the end 
of the 4 weeks' experimental period the average gain per lot over the 
negative control lot was determined and plotted upon this curve to 
find the quantity of dried pork liver which gave an ecpiivalent gain. 
Upon dividing this by the percentage of protein concentrate used and 
multiplying by 100, the potency in the growth-promoting phase of the 
vitamin G complex was obtained relative to dried pork liver as 100 
percent. 

Care w'^as taken to use such levels of the protein concentrates that 
the gains would fall upon the straight-hne curve. In cases in wdiich 
10 percent of supplement was added, there appeared' to be some 
imsibility that if a supplement of low protein quality were used, the 
protein efficiency of the diet might be low enough to be a limiting 
faetqr., However, in no ease was the amount of casein used small 
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enough to reduce the combined proteins of the corn meal, middlings, 
and casein to less than IS percent. Since the results obtained with 
this type of diet by Heuser and Norris {j) indicate that this quantify 
of protein supports^ maximum growth, it is improbable that protein 
efficiency was a limiting factor at any time. 

EXPERIMENTAL RESULTS 

The relative vitamin G content of the protein supplements used in 
these experiments is given in table 6. The results in table 5 and those 
presented in an earlier study { 24 ) show that a difference of about 20 g 
in the gains over the negative control lot was significant when repli¬ 
cate trials were conducted. By interpolating on the straight-line 
curve shown in figure 2, a gain of 20 g was found to be equal to that 
produced by 0.20 percent of dried pork liver; therefore a difference in 
relative vitamin G content of 4, when 5 percent of the material under 
study was used, or of 2, when 10 percent was used, was significant. 
It was concluded, tfierefore, that as a general rule a of difference o or 
more in relative vita,min G content was significant. 

TafUvE 6 .—Relative vita min G contcrd of common protein an pplefnenlH 


I’nitein supplement 


Relative vitamin O content of sample ~ 


Dried pork liver. 

Dried skim milk. 

White fishmeal: 

Vacuum-dried. 

steam-dried. 

Flame-dried. 

Sardine fishmeal: 

Domestic. 

Asiatic. 

Menhaden fishmeal: 

Steam-dried. 

Flame-dried. 

Soybean meal: 

Expeller process.. 

Hydraulic process... 

Meat scrap: i 

75 percent protein.! 

^>0 percent protein..J 

55 percent protein.. 1 

50 percent protein...I 

45 percent protein.—j 

Corn-gluten meal. 

Dried blood...—. | 

Ground soybeans. i 


17 


4 ! 
3 i 


1 0 


1 2 13 


0 1- 
0 ; 


! / 


20 
S ! 


20 

19 


Aver¬ 

age 


10 I 1 12 : 1 12 ! 1 13 ! 1 17 



'J.“ i_ i_'_ 








_ 

10 

5 

4 

j 




6 7 

5 i 6 

7 i 1 2 11 

6 j 7 

12 14 

n 

111 - h 

-j 







1 




i 3 i 

4 1 ' i , - , 

. 


! 1 ^ i 




100 

19 


10 

5 


1 These trials were made with samples produced under experimental conditions. 

- These trials were not included in the average as the samples were not representative of general commer¬ 
cial production. 


The value found for dried skim milk was about one-fifth that of 
dried pork liver. The individual samples possessed potencies within 
the limits of experimental error. These were all samples representa¬ 
tive of commercial production, 4 being roller-dried and 1 spray-dried. 
The high feeding value attributed to dried skim milk in the past 
appears to be justified, for the samples studied were uniformly high 
both in relative protein efficiency and in relative vitamin G content. 
However, this product is probably of primary value as a source of 
vitamin G, since some protein supplements nearly equal or even sur- 
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pass it in protein efficiency when combined with the proteins of corn 
and wheat { 24 )- 

The haddock meals possessed about one-half the vitamin G potency 
of dried skim milk. The vacuum-dried meals were superior to those 
dried by steam alone or by fltoe. The variations within the vaciiiim- 
and steam-dried samples had previously been shown by the writers 
to be due largely to the method of manufacture and the types of 
ingredients used. They also showed that the vitamin G content of 
this kind of fishmeal ^vhen properly prepared was sufficient to be of 
considerable practical importance. This finding is supported by the 
results of Record, Bethke, and Wilder (18). 

The domestic sardine meal was comparable with whitefish meal in 
vitamin G content in spite of the fact that tliis was a wet-rendered 
flame-dried product. That this product may have an inherent 
vitamin G content as high as that of whitefish meal is evidenced by 
the high value found in an experiment where the stick was returned to 
the wet-rendered meal in the correct proportion. The results ob¬ 
tained were as follows: 


Relative vitamin G content of sardine fishmeal - stick_ 1) 

Relative vitamin G content of sardine fishmeal+stick_ 13 


The latter value approximated that of dry-rendered vacuum-dried 
whitefish meals prepared under proper conditions. This fact indicates 
that the indirect flame drier used may not have had a more destruc¬ 
tive effect on the vitamin G content of the meal than the vacuum 
type used for whitefish meals. The stick of sardine scrap had the 
same relative potency as that found for haddock meal in which about 
one-third of the total vitamin G content of the scrap was found in the 
stick (Wilgus et al. (24))- The Asiatic sardine meal was inferior to 
the domestic sardine meal in vitamin G content. 

The menhaden fishmeals studied were inferior to the other domestic 
fishmeals. The variations encountered were rather wide and could 
be only partial^ explained on the basis of method of manufacture. 
This was noted in studies of several samples produced in pairs from 
comparable raw material, the results of which are as follows: 


Relative vitamin G content of menhaden fishmeal, steam-dried_ 6 and 8 

Relative vitamin G content of menhaden fishmeal, flame-dried_ 1 and 6 


The difi'erence was in favor of steam-drying, but it was not sufficient 
to be of practical importance. The values found approximated those 
of wet-rendered whitefish meals similarly prepared { 24 ), which indi¬ 
cates that this fish scrap may be inlierently as high in vitamin G as 
the other varieties studied. Under present methods of production, 
however, menhaden fishmeal does not appear to be a very dependable 
source of vitamin G, although it averages about one-fourth the 
potency of dried skim nfilk. 

The soybean meals were uniformly low in vitamin G. There was 
no difference between the meals produced by the hydraulic and the 
solvent process. These possessed the same vitamin potency as the 
ground soybeans. 

The meat scraps, on the whole, were of about the same potency as 
Hie ihehhaden fishmeals. The averages obtained for the various 
gri^m were practically identical although there was a considerable 
range witim each grade. The reasons for these variations appear to 
'ihe ingredients used, as all but three were dry-rendered 
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by the usual process. This is reasonable to suppose because of the 
nature of the raw materials. On the other hand, some variation may 
have been due to differences in the temperature of rendering and 
length of application, since there appears to be no standard procedure 
in this regard, each producer varying the size of charge, steam pres¬ 
sure, and time to suit Ms conditions or prejudices. The effect of such 
variations was noted in a study of paired samples, each pair produced 
from comparable raw ingredients. These results are as follows: 


Relative vitamin G content of meat scrap, regular-rendered_ 14, 11, 3, 

3, and 4 

Relative vitamin G content of meat scrap, vacuum-rendered_ 11, 14, 5, 

4, and 7 


The first two pairs were made from ingredients containing some 
livers. In these no beneficial effect was found from the use of vacuum 
since in the first pair the temperature was so low that the length of 
application necessary was greatly increased, and in the second pair, 
the temperature and time were essentially the same as in the regular 
method. On the other hand, a slight difference in favor of a special 
vacuum method was noted in the last three samples, although the 
values wei*e low, due probably to the inherent value of the ingredients. 
In these three cases, the temperature was considerably lower and the 
length of application considerably shorter than are usual when the 
regular method is employed. Tliis fact suggests that the nutritive 
value of meat scrap^ may be better preserved by using the smallest 
amount of heat possible to render it properly. However, the fluctua¬ 
tions in potency found for all the meat scraps studied show that they 
were not very reliable sources of Mtamin G, although they averaged 
about one-third the potency of dried skim milk. 

Neither steam- nor vacuum-dried blood meal nor corn-gluten meal 
was found to contain any vitamin G. 

The results of tMs study show that most of the products assayed 
contained variable quantities of vitamin G. Tliis, therefore, confirms 
the original theory that the growth-promoting properties of tMs class 
of feedstuffs may be due to vitamin G content as well as to protein 
quality. TMs is further substantiated by the results obtained by 
Record, Bethke, and Wilder (18) on haddock meal. Sufficient samples 
have been assayed in many cases to indicate the scope of the variations 
among and vitMn these products. In addition, some samples pro¬ 
duced under controlled conditions have demonstrated that these 
variations may be due not only to the inherent potency of the raw 
materials but also to the methods of manufacture. The data pre¬ 
sented therefore emphasize the importance of using types of raw 
material of high inherent value, of manufacturing them hj methods 
known to preserve best such value, and of making economic use of 
the nutritive properties of such products. 

SUMMARY 

The utilization for growth processes of the protein of protein-rich 
feedstuff's combined with an equal quantity of protein from yeUow' 
com meal and wheat-flour middlings wuis determined by means of 
mtrogen balance trials. Final results w’^ere expressed as relative pro¬ 
tein efficiency. These values were obtained by dividing the percentage 
of protein stored from a given ration by normal WMte Leghorn chicks 
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(luting tlie seventli week of iige by tl)at from a standard casein ration, 
and multiplyiiig by 100. 

Tlie relative protein efficiency of a number of the coninmn protein 
supplements used in poultryrations has been determined The 
materials studied, listed in order of their efficiency, are as follows: 
Yaciium- and steam-dried white fishmeals, 104; dried skim milk, 
100; doiiiestic sardine fishmeal, 98; flame-dried white fishmeal, 94; 
steam-dried menhaden fisluneal and Asiatic sardine meal, 91; soy¬ 
bean meal, 88; flame-dried menhaden fishmeal, 80; meat scrap, 7*7; 
whale-meat meal, 64; corn-gluten meal, 61; ground soybeans, 58. 
Tliese results show that the variations in growth-promoting proper¬ 
ties among and within the various classes of common protein supple¬ 
ments studied may be explained at least in part by variations in their 
relative protein efficiency. These variations were apparently due not 
only to differences inherent in the raw materials from wffiich tliese 
products were obtained, but also to the various factors inxmlved in 
their manufacture. 

A method for determining the relative growth-promoting vitamin 
(i content of feedstuffs has been developed, based upon the gain 
produced over the control diet by adding 5 or 10 percent of the sup¬ 
plement under studAV This was expressed in terms of dried pork 
liver affording an e([iiivalent gain, and the final results were calcu¬ 
lated in percentage with dried pork liver as 100. 

A number of samples of conmion protein supplements used in 
poultry rations have been assayed by this method. The materials 
studied, listed in order of their vitamin G potency, are as follows: 
Dried skim milk, 19; vacuum-dried white fishmeal, 10; domestic 
sardine fishmeal, 9; meat scrap, 6; steam- and flame-dried white 
and menhaden fishmeals and Asiatic sardine fishmeal, 5; soybean meal 
and ground soybeans, 3; corn-gluten meal and dried blood, 0. Thus 
the growth-promoting properties of the protein concentrates were 
found in general to be due to vitamin G content as well as to quality 
of protein. The range vdthin many of the products was found to be 
rather wide. This was traced to methods of manufacture and tyx:)es 
of ingredients used. 
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THE NUTRITIVE VALUE OP THE PROTEINS' OF CORN- 
GLUTEN MEAL, LINSEED MEAL, AND SOYBEAN-OIL 
MEALi 

By Kenneth L. Turk, extension animal husbandman, F. B. Morrison, animal 
husbandman and head of department of animal husbandry, and L. A. May’Nard, 
animal nutritionist, New York (Cornell) Agricultural Experiment Station 

INTRODUCTION 

The results of previous experiments from tliis laboratory (2^) ^ 
indicated no differences in the utilization by growing lambs of the 
proteins of alfalfa hay and clover hay when fed at a 10-percent level 
in rations which were presumably adequate in total digestible nutri¬ 
ents, minerals, and vitamins. Furthermore, no differences were ob¬ 
served between the biological value of the proteins of an alfalfa and 
corn ration and the proteins of a clover and com ration when both 
rations were fed at a 10-percent level of protein. The biological values 
of the proteins of the two latter rations were approximately the same 
as when each of the hays formed the only source of protein, hence 
showing no supplementary effect due to the addition of corn protein. 

The average of the biological values was 81 for clover protein, 79 
for alfalfa protein, 80 for the protein in the combination of clover and 
corn, and 77 for the protein in the combination of alfalfa and com. 
These results were interpreted to indicate that alfalfa hay and clover 
hay are probably not deficient in quality of protein for sheep when 
fed in a balanced ration as regards protein and total digestible 
nutrients. 

Since there were no significant differences in protein utilization in 
these experiments, the question was raised in the minds of the writers 
as to whether or not there are any actual differences in the nutritive 
value of the proteins of common feeds for sheep, when the feeds in 
(jiiestion are fed in rations which furnish sufficient of total digestible 
nutrients and other known dietary essentials, and when fed at the 
same level of protein intake. Very few" data have been presented 
which show" any marked differences in the efficiency of protein 
utilization wffien common feedstuffs have been fed to ruminants in 
well-balanced rations (o, 6, 7, 11 , 19), The common explanation 
given is that the ruminant has the ability to synthesize certain of the 
essential amino acids as a result of bacterial action in the digestive 
tract. This possibility has been frequently pointed out in the liter- 
atme, especially w"ith reference to the synthesis of cystine by sheep. 

These experimental results (22) have suggested the desirability of 
obtaining further data on the importance of the quality of protein for 
ruminants and of ascertaining wffiether differences in the biological 
value of proteins can be obtained wdth the sheep using the nitrogen- 
balance type of experimentation. Therefore, experiments have been 
conducted to determine the nutritive values for sheep of the proteins 
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ill three coniinoii protein-ricli feeds which, on the basis of origin and 
general nutritive value, should furnish proteins differing in quality. 

MATERIALS 

Soybean-oil meal was selected as one of the few plant protein siipple- 
iiients that furnish proteins of high quality. Though some experi¬ 
ments have indicated that soybean proteins are rather low in cystine 
(17, 21), they apparently supply more adequate amounts of the essen¬ 
tial amino acids than most single seeds or seed byproducts. 

In experiments with swine or rats the proteins of soybean-oil meal 
would probably rank above those of linseed meal and corn-gluten 
meal. Linseed meal is a popular protein concentrate, but some 
experiments have shown that its protein is not of the highest quahty 
(70, 15, 19), Corn proteins, especially those of the endosperm, are 
low in two of the essential amino acids—tryptophane and lysine. 
Corn-gluten meal is probably even lower than the entire corn grain 
in tryptophane and lysine, as it commonly includes none of the germ 
the proteins of which are of better quality than those of the endosperm. 
The immediate object of this investigation, therefore, wms to deter¬ 
mine what differences, if any, would be found in the nutritive value 
of the proteins of soybean meal, linseed meal, and corn-gluten meal 
for growing lambs. 

EXPERIMENTAL PROCEDURE 

In experiments with swine or rats the proteins of soybean-oil meal 
tilted for part of the starch and sugar in a low-nitrogen ration and fed 
to growing wmther lambs. The nitrogen balances were determined 
on each ration, and also the digestibility of the protein, the storage of 
protein, and the biological value of the proteins (I^, IS). 

The percentage composition of feeds used in this experiment is 
shown in table 1. 


Table 1. —Percentage composition of feeds used 


j 

Feed j 

1 Ury 
i matter 

1 

i Ash i 

i 

j 

Crude i 
protein 

i 

Ether | 
extract 

1 

Crude 

fiber 

Nitrogen- 
free ex¬ 
tract 

Corn-gluten meal_ 

I 93.95 

2.80 

42.36 

1.68 

4.96 

42.15 

Linseed meal.. . .... 

93.35 

5.11 

39.01 

5. 56 

7.44 

36.23 

Soybean-oil meal.. ... 

93.05 

5.66 

42.60 

5. 73 

5.72 

33.34 


The soybean-oil meal \vas an expeller-process product and had a 
pleasant cooked odor and nutlike taste. All the feeds were apparently 
of sood quality and w^ere fed as obtained from the feed manufacturer. 

Each of the feeds was added to a lo'w-nitrogen ration of ground 
wheat strawq ceUulose, cornstarch, sugar, corn oil, and salt mixture 
in such anioiints as to provide a protein level of about 11 percent. Of 
this 11 percent protein, 10 percent came from the feed in question 
and 1 percent from the straw and other ingredients. The same 
amount of straw was included in all the rations to furnish bulk, and 
different amoimts of pure cellulose ^ w^'ere included to equahze the 
concentration of crude fiber. Raw cornstarch, cane sugar, and corn 
oi were included in order to increase and equahze the total energy 


® WaAed sylphrap. 






se{)t. 1, iyS5 


Nutntioe Value of Proteins of Phree Kinds (f Meal 403 


content of the rations* The composition of the rations is given in 
table 2. 

Table 2* —Percentage composition of experimental rations 


Constituent 

Low-nitro¬ 
gen ration 

Corn- 

gluten-meal 

ration 

Linseed- 
meal ration 

Soybean-oil- 
meal ration 

Corn-gluten meal.- .. . .. 


23.6 


i 

Linseed meal. . . . . . 


25.7 

1 

Sovbean-oil meal _ _ _ _ _ 



23 5 

Straw, wheat. . . . . . 

25.0 

25.0 

1 25.0 

25.0 

C ellulose, regenerated __ _ _ _ 

10. 5 

9.7 

9.0 

9. 5 

Starch-. _ _ _ ___ 

28.0 

17.4 

17.2 

18.0 

Sugar ___- . - _ 

28.0 

17.3 

17.1 

18.0 

Corn oil ____ 

4.5 

4.0 

3.0 

3.0 

Salt mixture.. __ ____ 

4.0 

3.0 

3.0 

3.0 


Total .....-. i 

100 

100 

100 

1(X» 


Protein content (NX6.25) J ...... i 

1.15 

10.99 

11 . 0 1 

10.96 



J 'These percentages of nitrogen represent the averages of analyses on 3 mixes of the low-nitrogen ration and 
i> mixes of each of the other 3 rations. 


The salt mixture was sinnlar in composition to the one designed by 
Woodward and McCay (£3) which is used in this laboratory in syn¬ 
thetic diets for herbivorous animals* The iambs were allowed free 
access to common salt during all preliminary and intervening periods. 
A vitamin A and D concentrate was added during experiment 2. It 
was fed at the rate of 0.0125 g per kilogram of liv^e weight per day. 
No vitamin B supplements were added because this would have 
involved adding nitrogen to the ration. The importance of and 
necessity for vitamins in short balance experiments of this type do not 
seem to be definitely known. 

Three young growing wethers were used. They were purebred 
Shropshire lambs from the university flock. The details involved in 
carrying out the experiments and the methods of analysis used were 
the same as those employed in the previous experiments (33). The 
experimental periods were 10 days in length. The preliminary and 
intervening periods were also 10 days in length, except those preced¬ 
ing the low-nitrogen periods, which were generally longer. 

The lambs were fed twice a day. The plan followed in feeding each 
Jamb on the different rations is shown in table 3: 


Table 3. —Plan followed in feeding each lamb the different rations in experimenis 

1 and 2 


EXPPIRIXIENT 1 

Lamb no. 6 

Lamb no. 7 i 

i j 

Lamb no. S 

. 

Low nitrogen.... 

Corn-gluten meal_ 

Linseed meal... 

Soybean-oil meal.. 

Low nitrogen.. 

_1 Low nitrogen.. 

_ Linseed meal... . 

_ i Soyl:)ean-oil meal_ - - 

_ 1 Corn-gluten meal_ -. - 

.Low nitrogen.— - ___ 

‘ Low nitrogen. 
Soybean-oil meal. 
Corn-gluten meal. 
Linseed meal. 

Low nitrogen. 

EXPERIMENT 2 


Low nitrogen_ 

Soybean-oil meaL. 

Linseed meal. 

Corn-gluten meal. 
Low nitrogen. 


Low nitrogen_ 

Corn-gluten meal. 
Soybean-oil meal. 

Linseed meal_ 

Low nitrogen.... 


Low nitrogen. 
Linseed meal. 
Corn-gluten meal. 
Soybean-oil meal. 
Low nitrogen. 
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Tiie same low-mtrogen period was used for the last period of experi¬ 
ment 1 and for the first period of experiment 2. The second experi¬ 
ment was^ therefore^ a repetition of experiment 1 with the reversed 
order of feeding the different rations to each lamb. 

DISCUSSION OF RESULTS 

The complete results of the metabolism experiments are presented 
in tables 4 and 5. For convenience of study, the final values are 
summarized in table 6. 

Considerable variations in individual values are noted in a few 
cases, but they are no greater than commonly occur in experiments of 
this type. The average results for each of the two trials agreed quite 
closely in almost all respects. Further repetition of this work and 
experiments with other species would be desirable. 

There was little difference in the average digestibility of the pro¬ 
teins of the corn-gluten-meal and the soybean-oil-meal rations. The 
proteins of both these rations, however, were slightly more digestible 
than the proteins of the linseed-meal ration. 

There were some differences in the amounts of nitrogen retained or 
stored on the different rations. The storage from the soybean-oil-meal 
ration was significantly higher than from either of the other two 
rations. The average storage of nitrogen was 33.8 percent for the 
soybean-meal ration, 26.7 percent for the linseed-meal ration, and 
26.5 percent for the corn-gluten-meal ration. The odds {9) are 302 
to 1 against the difference in protein storage between soybean-oil meal 
and linseed meal being due to chance alone. For the other compari¬ 
son, the odds were 32 to 1 in favor of soybean-oil meal as compared 
with corn-gluten meal. There were siimar differences in the per¬ 
centages of digested nitrogen stored. The average percentages of 
digested nitrogen stored were 51 for soybean-oil meal, 39.8 for corn- 
gluten meal, and 41.5 for linseed meal. These results clearly show a 
superiority of the proteins furnished by soybean-oil meal. 

The biological values of the protein in the soybean-oil-meal ration 
\vere slightly higher than those for either corn-gluten meal or linseed 
meal. The average was 72.8 percent for soybean-oil-meal proteins, 
65.7 for the corn-gluten meal, and 67.7 percent for linseed-meal pro¬ 
teins. The difference between the biological values of soybean meal 
and of linseed meal is significant as shown by odds of 87 to 1 against 
this difference being due to chance. A tendency tow’^ard statistical 
significance is also shovm in comparing the so^hean-oil-meal ration 
mth the corn-gluten-meal ration. The odds in tins case are 20 to 1 
in favor of the soybean-oil-meal ration. 

The proteins of linseed meal were less digestible than corn-gluten- 
meai proteins but they vrere utilized a little more efficiently on the 
average. Soybean proteins were digested at approximately the 
same rate ^ the corn-gluten-meal proteins, but were more efficiently 
utflized as indicated by the storage and biological values of the pro¬ 
teins. These results, as a \yhole, indicate that soybean-oil meal 
furnishes a more efficient combination of amino acids than does either 
linseed meal or corn-gluten meal. 

The data on digested protein (nitrogen) stored show greater differ¬ 
ences in favor of the soybean-oil-meal proteins than do the biological 
values. When the metabolic and endogenous nitrogen losses are 
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considered, and the biological values of the protein computed, the 
differences in the average values between the soybean-oil-meal ration, 
and the other two rations becomes less. Since the two methods of 
evaluatiug the proteins differ only in the respect that metabolic and 
endogenous nitrogen are considered in the calculation of biological 
values, these data may question the accuracy of estimating these 
nitrogen losses. The writers recognize that the low-nitrogen ration 
used is not entiinly satisfactory for sheep and for most other species. 
With prolonged feeding of the low-nitrogen ration there is a diminished 
appetite and falling off in food consumption. The data from the low- 
nitrogen feeding periods show that as the feed consumption decreases 
the rate of metabolic nitrogen excreted per unit of feed intake wiU 
increase, thus producing an error in the calculation of the biological 
values. This error, however, may not be very great. 

Keduced feed consumption during a period of low-nitrogen feeding 
wili leave an animal in an abnormal condition and may possibly 
alter the reliability of the results in the following experimental 
periods. These experiments were conducted in such a manner that 
each ration was fed to two lambs just following a low-nitrogen period 
and then again just preceding a low^-nitrogen period. Without a 
single exception, the data show that higher biological values for 
each feed were obtained immediately following the periods of low- 
nitrogen feeding. These observations are not in agreement with 
those of Mitchell {H) w^ho believes that a period of low-nitrogen 
feeding will exert no appreciable effects on the utilization of protein 
in subsequent experimental periods. There is the possibility, 
however, that the preliminary period of protein feeding was not of 
sufficient length before the collection periods were started in these 
experiments. In no case, however, was there a preliminary period 
of less than 10 days in length. 

The biological values obtained in these experiments for linseed-meal 
proteins compare favorably wdth those reported by Ivlitchell and 
Hamilton {15). Working wdth swine, these investigators obtained 
values averaging 61 wffien the proteins were fed at a 9-percent level. 
Braman (S), worldng with rats, obtained much higher values, aver¬ 
aging 78 at an 8-percent protein level. Bethke and his associates {1) 
reported average values of 71 for linseed-meal proteins fed to rats at 
a 10-percent level. There is possibly a slight species difference in 
in the utilization of proteins which may accoimt for some of the 
differences obtained, but they can be attributed in part to the differ¬ 
ence in level of protein intake. 

It should also be pointed out that some dried yeast w^as provided 
in the rations used in these investigations (J, 2,15) wiiich undoubtedly 
furnishes protein of high quality. This protein might supplement 
that from the feeds in question. 

For soybean-oil-meal proteins fed with corn silage and corn to lac- 
tating cow^s, Holdaway, Ellett, and Harris (S) reported utilization 
values of 77 percent. Mitchell and Villegas {18) reported average 
biological values of 64 for the proteins in soybeans fed to rats at a 
10-percent level. These values, however, are not directly^ compa¬ 
rable to those obtained in the experiments reported in this paper. 
Many practical feeding experiments have been conducted, however, 
which show the high value of soybean-oil meal as a protein-rich 
supplement. 



Table 4 .—Nitrogen mctaholimn data rJionnng the digestibilitg and biological valia of proteins in the Jir^t experinivnl 
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Table e^.— The digeHlihilUy and biological mine of the proteins of corn-gluten meal, 
linseed meal, and soybean-oil meal when fed to lambs 



Percentmie digestibility and biological value 
when fed to lamb no. — 


Item 

0 in experi¬ 
ment— 

7 in experi¬ 
ment— 

S in experi¬ 
ment— 

Average 


1 


] 

o 

1 

2 


Corn-gluten meal; 

Apparent digestibility-- 

fir 

68 

64 

65 

70 

64 

66.3±0. 67 

Percentage nitrogen intake stored— | 

U 

24 

26 

31 

24 

20 

26.5±1.41 

Percentage digested nitrogen stored... 

51 

35 

40 

48 

34 

31 

39.8i:2.23 

Bioloidcal value... 

74 

62 

66 

69 

61 

62 

65,7dbl.40 

Liiiseer] meal: 

Aiiparent digestibility.; 

Ferceotage nitrogen intake stored_ i 

5S 

20 

67 

33 

01 

29 

65 

21 

68 

30 

61 

27 

63.3zbl. 08 
26. 7±h 42 

Percentage digested nitrogen stored...! 

34 

49 

47 

31 

44 

44 

4L5±2.0l 

Biolugicu! value...; 

04 

71 

73 

58 

159 

71 

67. Til. 55 

meai; 

Apparent digestibility...! 

Percentage nitrogen intake stored. 

, 07 ; 

34 ! 

<54 i 
38 

<55 

34 

<58 i 
2S i 

71 

39 

<57 

30 

67. Oi . <57 
33.8il. 19 

Percentage digested nitrogen stored...! 

! 51 j 

<50 ; 


42 ! 

r>5 

46 

51. Oil. 76 

Biolf>tficiil value. j 

1 73 1 

79 i 

75 

64 : 

i 

7<) 

70 

72.8iJ.45 


Tiie values for corn-gluten meal may, in a general way, bo com¬ 
pared with those reported for corn grain since the gluten is largely 
zein, which comprises about 60 percent of the protein of corn grain. 
Mitchell and Kick (16) reported an average biological value of 54 
for corn protein when fed to pigs at a protein level of approximately 
8 to 9 percent. Later experiments with pigs by Mitchell and Hamil¬ 
ton (15) gave corn proteins an average biological value of 61 when 
fed at a protein level of 8.66 percent. 

It should be pointed out that there is a possibility that the small 
amounts of wheat-straw’’ nitrogen may have supplemented any 
amino acid deficiencies wiiich any of the three feeds used in this 
investigation may have. As determined, however, the average 
values for soybean-oil meal are fairly high. There are no indications of 
marked amino acid deficiencies in this feed for sheep. These values 
are of special interest, since sheep have a high requirement for cystine 
and soybeans have been reported as deficient in this amino acid. 
However, Csonka and Jones (5, 4) have presented analytical data 
whicli do not support the idea of a quantitative deficiency of cystine 
in soybeans. They do admit however, the possibility of a deficiency 
in quality of protein, due to low availability of amino acids wdien the 
raw meal is fed. Osborne and Mendel (M) had earlier found the 
nitrogen of commercial soybean cake and of soybean meal cooked in 
water wns utilized somewdiat better than was the case with the raw' 
and dry-heated meals. These WTiters believed the utilization of 
protein was increased by making the amino acids more available for 
a^iinilatioE. Perhaps ^ expeller-process soybean meal wuiild not 
showr the cystine deficiencies wiiich raw soybeans have apparently 
shown in nutrition experiments (17, 31). '' 

Some observations on the fleeces of the lambs are of interest. The 
lambs were shorn at the beginning and again at the end of the ex¬ 
perimental wrork. An examination of the wool fibers of all three 
fleeces show^ed “breaks'’ and distinct weakened places wiiich cor¬ 
responded exactly with the periods of low-nitrogen feeding. The 
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breaking strength and diameter of the wool fibers was greatly re¬ 
duced during the periods of low-nitrogen feeding. The portions of 
the wool fibers grown during the periods of protein feeding were strong. 
The wool had a beautiful luster and the fibers were apparently of 
normal length. 

SUMMARY 

jMetabolism studies were conducted wdth three growing whether 
lambs to determine the digestibility, storage, and biological value of 
the proteins of soybean-oil, corn-gluten, and linseed meals. The 
experiment was repeated, thus giving six determinations for each feed. 
Each of the feeds in question w^as added to a low^-nitrogen ration in 
such amounts as to furnish a protein level of 10 percent, vdth apppxi- 
mately 1 percent , additional being furnished by the other ingredients 
of the ration. All rations wwe equalized in energy content. 

The average coefficients of apparent digestibility for protein w^ere 
67.0 percent for soybean-oil meal, 66.3 for corn-gluten meal, and 63.3 
percent for linseed meal. 

The lambs were more efficient in storing protein from the soybean- 
oil-meal ration than from either of the other rations. The average 
percentage of protein intake stored was 33.8 for soybean-oil-meal, 
26.5 for corn-gluten meal, and 26.7 for linseed .meal. 

Slightly but significantly liigher biological values were obtained for 
the soybean-oil-meal ration. The average of the biological values wms 
72.8 for soybean-oil-meal proteins, 65.7 for corn-gluten-meal proteins, 
and 67.7 for linseed meal proteins. 

These data chow the superiority of the proteins of soybean-oil meal 
over those furnished by linseed meal and corn-gluten meal. Further- 
.more, they indicate that it is possible to measure differences in quality 
of protein using sheep and the nitrogen-balance type of experimenta¬ 
tion. 

LITERATURE CITED 

(1) Hethkb:, R. M., Bohstebt, G., Sassamax, H. L., Kennakb, D. C., aud 

Edington, B. H. 

1928. the COMPAEATIVE XUTEITIVE value op the proteins op LINSEEB 

MEAL AND COTTONSEED MEAL FOR DIFFERENT ANI.MALS. JollF. 

x4gr. Research 36: 855-871, illus. 

(2) B RAMAN, W. W. 

1931. THE RELATIVE VALUES OF THE PROTEINS OP LINSEED MEAL AND 

COTTONSEED MEAL IN THE NUTRITION OP GROWING RATS. JoHF. 

Nutrition 4: 249-259. 

(3) CsoNKA, F. A., and Jones, D. B. 

1933. DIFFERENCES IN THE AMINO ACID CONTENT OF THE CHIEF PROTEIN 

fGLYCTNIN) FROM SEEDS OF SEVERAL VARIETIES OF SOYBEAN. 

Jour. Agr. Research 46: 51-55. 

^4) - and Jones, D. B. 

1934. THE CYSTINE, TRYTOPHANE, AND TYROSINE CONTENT OF THE 

SOYBEAN. Jour. Agr. Research 49: 279-282. 

(5) Hart, E. B., and Humphrey, G. C. 

1915. THE RELATION OP THE QUALITY OP PROTEINS TO MILK PRODUCTION, 

Jour. Biol. Chem. 21: 239-253, ilius. 

(^51 -and Humphrey, G, C., with the cooperation of Schaal, A. A. 

1916. FURTHER STUDIES ON THE RELATION OF THE QUALITY OP PROTEINS 

TO MILK PRODUCTION- Jour. Bioi. Chem. 26: 457-471, ilius. 

( 7 j -and Humphrey", G. C., with the cooperation of Sure, B. 

1917. THE RELATION OF THE QUALITY OF PROTEINS TO MILK PRODUCTION. 

Jour. Biol. Chem. 31; 445-460, ilUis. 



412 


Journal of Agricultural Research 


Vol. 51, no. 5 


f'8) Holdawat, C. W., Ellett, W. B., and Harris, W. G. 

1925. THE COMPARATIVE VALEE OP PEANUT MEAL, COTTONSEED MEAL, 
AND SOYBEAN MEAL AS SOURCES OF PROTEIN FOR MILK PRODUC¬ 
TION. Va. Agr. Expt. Sta. Tech. Bull. 28, 54 pp., illus. 

(9) Love, H. H. 

1924. A MODIFICATION OP STUDENT’S TABLE FOR USE IN INTERPRETING 
EXPERIMENTAL RESULTS. JouT. Aiucr. Soc. Agroii. 16: 68-73. 

(10) McCollum, E. V. 

1914. THE V-ALUES OP THE PROTEINS OF THE CEREAL GRAINS AND OP 
MILK FOR GROWTH IN THE PIG, AND THE INFLUENCE OF THE 
PL.ANE OF PROTEIN INTAKE ON GROWTH. JoUr. Biol. Chem. 19: 

323-333- 

(11) Maynard, L. A., AIiller, R. C., and Krauss, W. E. 

1928. STUDIES OF PROTEIN METABOLISM, MINERAL METABOLISM, AND 
DIGESTIBILITY, WITH CLOVER AND TIMOTHY RATIONS. N. Y. 

(Cornell) Agr. Expt. Sta. Mem. 113, 33 pp. 

(12) Mitchell, H. H. 

1924. A METHOD OP DETERMINING THE BIOLOGICAL VALUE OP PROTEIN. 

Jour, Biol. Chem. 58: 873-903. 


1924. THE BIOLOGICAL VALUE OP PROTEINS AT DIFFERENT LEVELS OF 
INTAKE. Jour. Biol. Chem. 58: 905-922. 

(14) -- 

1928. A NOTE ON QUANTITATIVE METHODS OF MEASURING THE NUTRITIVE 
VALUE OP PROTEINS. Biochem. Jour. 22: [1323]-1326. 

(15) -— and Hamilton, T. S. 

1931. THE NUTRITIVE VALUE FOR GROWING SWINE OF THE PROTEINS OF 

LINSEED MEAL AND OF COTTONSEED MEAL, BOTH ALONE AND 
IN COMBINATION WITH THE PROTEINS OP CORN. Jour. Agr. 

Research 43: 743-748. 

(16) -and Kick, C. H. 

1927. THE SUPPLEMENTARY RELATION BETWEEN THE PRC/TEINS OF CORN 
AND OF TANKAGE DETERMINED BY METABOLISM EXPERIMENTS ON 

SWINE. Jour. Agr. Research 35: 857-864. 

(17) --and Smuts, D. B. 

1932. THE AMINO ACID DEFICIENCIES OF BEEF, WHEAT, CORN, OATS, AND 

SOYBEANS FOR GROWTH IN THE WHITE RAT. JoUr. Biol. Chcill. 
95: 263-281, illus. 

(18) --and Villegas, V. 

1923. THE NUTRITIVE VALUE OF THE PROTEINS OP COCONUT MEAL, SOY¬ 
BEANS, RICE BRAN, AND CORN. Jour. Dairy Sci. 6: 222-236. 

(ID) Morris, vS., and Wright, N. C. 

1933. THE NUTRITIVE VALUE OF THE PROTEINS FOR MILK PRODUCTION. 

11. A COMPARISON OF THE PROTEINS OF BLOOD MEAL, PEA MEAL, 
DECORTICATED EARTH-NUT CAKE, AND A MIXTURE OP DECORTI¬ 
CATED EARTH-NUT CAKE AND FLAKED MAIZE. Jour. Dairy 
Research 5: 1-14, illus. 

(20) Osborne, T. B., and Mendel, L. B., with the cooperation of Ferry, E, L., 

and Wakeman, A. J. 

1917. THE USE OP SOYBEAN AS POOD. Jour. BioL Chem. 32: 369-387, 
illus. 

(21) Shrewsbury, C. L., and Bratzler, J. W. 

1933. CYSTINE DEFICIENCY OF SOYBEAN PROTEIN AT VARIOUS LEVELS, 

IN A PURIFIED RATION AND AS A SUPPLEMENT TO CORN. Jour. 

Agr. Research 47: 889-895. 

(22) Turk, K. L., Morrison, F. B., and Maynard, L. A. 

1934. THE NUTRITIVE VALUE OF THE PROTEINS OP ALFALFA HAY AND 

CLOVER HAY WHEN FED ALONE AND IN COMBINATION WITH THE 
PROTEINS OP CORN. Jour. Agr. Research 48: 555-570. 

(23) Woodward, J. C., and McCay, C. M. 

1932. SYNTHETIC DIETS FOR HERBivoRA. Soc. Expt. BioL and Med. 
Proc. 30: 241-242. 




NUTRIENT-SOLUTION PURIFICATION FOR REMOVAL 
OF HEAVY METALS IN DEFICIENCY INVESTIGATIONS 
WITH ASPERGILLUS NIGER' 

By Robert A. Steinberg 

Assistant physiologist, Dinsion of Tobacco and Plant Xuiriiion, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

Tlie difficulties associated with the demonstration in culture of the 
chemical elements required by organisms, especially as concems those 
necessary in very small quantity, are great enough to make welcome 
the introduction of any simple procedure whereby an increase in 
sensitivity or precision may be accomplished. Commercial chemicals, 
even those of the highest purity, usuaEy contain variable but appreci¬ 
able traces of impurities, often sufficient in quantity to completely 
mask the requirement by the organism of the elements present as 
contaminants. Frequent attempts to improve the purity of com¬ 
mercial chemicals by recrj^stallization in the laboratory have met 
with but partial success or with failure. The contradictory and 
indecisive results often obtained wdth commercial chemicals and with 
compoimds recrystalhzed in the laboratory have not aided in estab¬ 
lishing definitely the heayy-metal requirements of organisms. 

The successful apj^lication by the vniter {8, B'f of the method, of 
nutrient-solution purification to the study of the hea^^-metal require¬ 
ments of the fungus Aspergillus niger Van Tiegh. has rendered desir¬ 
able a thorough study of the method with a view to obtaining further 
improvement in results and a better understanding of the piinciples 
involved, so as to permit the direct application of the method to 
similar studies with green plants. The method of purification 
referred to consists in treating the nutrient solution with calcium 
carbonate in order to increase its alkalinity and to furnish calcium 
for the formation of precipitate to adsorb the traces of the heavy- 
metal precipitates simultaneously formed. In this way the heayv^- 
metal impurities of the nutrient solution are precipitated and removed 
as a wffiole. It was found, for example, that the addition of an iron 
or zinc salt brought about a fivefold increase in yield of the fungus 
when compounds recrystallized in the laboratoiy were employed in 
the nutrient solution, whereas the increase obtained by such additions 
after the method of nutrient-solution purification with calcium car¬ 
bonate Bad been employed was fiftyfold, or approximately 10 times, 
as great. 

^ Analytical methods for the determination of the heavy metals (iron, 
zinc, copper, and manganese) imfortunately are of insufficient sensi¬ 
tivity or precision to permit of determining the effectiveness of the 
method of purification. While in exceptional cases, as with iron, 
these methods permit of the detection of concentrations of about 0.1 
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B]cr of ration per liter, the apparent optima of these elements for 
growth of the fiiiigiis are approximately only 0.20, 0.14, 0.06, and 
0.03 mg per liter,"respectiyely. Distinct responses in growth that 
may bewliiplieated with fair precision are easily obtainable yith varia¬ 
tions in metal concentration of 0,01 mg of cation per liter. The 
addition to the nutrient solution of 0.001 ing of zinc per liter (1 part 
per billion, or 0.05 7 per culture of 50 cc) may bring about an increase 
of 92.5 percent in yield of Aspergillus niger, . 

The very minute quantities in wliich these elements are required do 
not denote their importance to the organism, since the ^absence of 
one of the elements from the nutrient solution may result in lowering 
the yield by 60 to 98 percent. The high dilntions in which these 
elements seem to be effective perhaps are likewise deceptive, inasmuch 
as their absorption by the cell may result in their concentration within 
the protoplast. 

Modifications of the writer's method of nutrient-solution purifica¬ 
tion have been proposed. Bertels^ (1) studies in effect demonstrate 
that if the nutrient solution is first made alkaline absorbent charcoal 
may be substituted for the calciiun carbonate in the method of 
nutrient-solution purification. Bortels obtained results similar to 
those secured by the writer on the iron and zinc requirements of the 
fungus, but he included copper also as essential for the organism. 
Roberg (7), on the other hand, was able to show that alkalinity alone 
is sufficient to precipitate most of the traces of heavy-metal impurities 
in the nutrient solution. Furthermore, according to Roberg, iron, 
zinc, and copper are essential to Aspergillus niger. Another paper by 
the writer (11). besides confirming the foregoing results with iron, 
zinc, and copper, presents evidence that manganese also is essential 
to the mold. 

A recent paper by Hopkins (5) describes a successful application of 
the method of nutiient-solution purification for the removal of man¬ 
ganese in studies with algae and with Lemna. Growth-manganese 
ratios of 11 or more were obtained by this author. Instead of using 
calcium carbonate to increase the alkalinity as well as to supply 
calcium for the formation of precipitate, Hopkins, like Bortels, 
employed an alkaline solution but added calcium nitrate instead of 
charcoal. Emerson (5), in his investigations on photosynthesis, 
found the calcium ephonate procedure helpful in regulating chloro- 
I phyll concentration by adjustment of the iron content of the nutrient 
''' solution. 

Supplementing the present work on the calcium carbonate method 
of nutrient-solution purification for the removal of heavy metals, data 
are presented on some of its possible modifications. A limited investi¬ 
gation also was made respecting the possibility of extracting any heavy 
metals stored in the spores prior to their use for the inoculation of 
cultures. 

METHODS 

The methods employed in these studies are similar in aU essentials 
to those previously employed and described. The same “ W” strain 
of wm grown for 6 days, at 34.7° to 35° C., on 50 cc 

of 5-percent sucrose solution to which the necessary salts had been 
added, in 200-cc pyrex Erlenmeyer flasks. The incubator employed 
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has been described elsewhere (10). Inoculation was b}" means of a 
spore s^iispension containing 0.5 g of potassium bicarbonate per liters 
the inoculum amounting to approximately 0.05 mg of spore material 
per flask.. The cultures were filtered, when harvested, through fritted 
glass crucibles of porosity 3 and of 35-cc capacity. Instead of drjung 
the felts for 4 days at 103° to 105°, they were dried for 2 hours in a 
rapid current of dry air at 50° to 70° and then overnight in an oven 
at 103° to 105°. /Compressed air at 60 to 70 pounds' pressure was 
used instead of a blower and proved satisfactory because of its low 
relative humidity on expansion. This procedure was found very satis¬ 
factory not only in saving time but also in preventing fouling of the 
crucibles and in preserving the felts in their natural colors. 

The nutrient solutions, after treatment and filtration through fritted 
glass crucibles of porosity 4, were distributed into the Erlenmeyer 
flasks, and the heavy metals, in solution as sulphate, were added with 
a pipette to the individual flasks. The flasks then were sterilized by 
steaming for 10 minutes. 

Acidity readings were obtained with a potentiometer and (juin- 
hydrone electrode sensitive to 0.01 pll. 

NUTRIENT-SOLUTION PURIFICATION WITH CALCIUM CARBONATE 

The method of nutrient-solution purification, as employed by the 
writer (8) for the removal of the last traces of iron and zinc from the 
complete nutrient solution, has several advantages as compared with 
purification by recrystallization. Instead of a series of operations 
with, each individual compoimd, the method of nutrient-solution puri¬ 
fication requires only two operations and deals with the impurities of 
the nutrient compounds as a whole. As might be anticipated, it is 
not only much simpler and more rapid than recrystalhzation but is 
also more effective. The decrease in time and in the number of 
utensils employed is also an important factor in securing absence of 
contamination and uniformity of results. 

The original procedure employed in nutrient-solution purification 
was to autoclave the complete solution with 15 g of calcium carbonate 
per liter for 20 minutes at a pressm^e of 1 atmosphere (120.5° C.). 
After standing overnight the solution was decanted from the sediment 
containing the iron and zinc and distributed into culture flasks. 

The results of a study of this method for the purpose of determining 
the effect of the different factors entering into its operation have been 
tabulated in table 1. The growth ratio, which is determined by divid¬ 
ing the yield obtained in the presence of an element by the yield 
obtained when this element is omitted, is the reciprocal of the percent¬ 
age of maximum yield. Duration of treatment has reference to the 
time elapsing between heat treatment and filtration. The table dis¬ 
closes that variation in the concentration of the nutrient solution or 
piirificant, in the duration of treatment, in the acidity, and in the use 
of ammonium sulphide did not lead to any marked improvement in 
results. This is also true in regard to the length of time for which 
the solution was heated with calcium carbonate and for the separate 
treatment of sucrose and salts. However, decreasing to a minimum 
the total amount of nutrient salts per liter led to a slight improve¬ 
ment in results. Filtration immediately follovdng treatment seems 
advisable. The method, therefore, is not critical vith respect to the 
factors entering into its operation, 
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Table 1. —Efiect of vanations in purification method with calcium carbonate on 
'growth of Aspergillus niger in a nutrient solution containing 5 percent sucrose 



1 

Content in nutrient 
solution 


S 


lieavy 


Growth ratio with— 




i'ulture 

no. 

I 

X 

z 

5 

0 

X 


& 

c 

’S 

t .1 

3 

Initial pTl 

Yield without 
metals 

® 

a 

n; 

Q 



Mftxiniiim ind 

A 

1 

Grams 

per 

liter 

10.0 

Grams 

per 

liter 

5.0 

Grams 

per 

liter 

2.5 

Per- 

cent 

1.5 

Honrs 

24 

6.64 

Mg 

22.2 

12.46 

25. 09 

1.13 

1.30 

48. 93 

Mg 

1,110.9 


2.1 

.75 

.55 



4.73 

208.9 

2.16 

2.98 

1.02 

1.66 

4.41 

936.7 

‘A -. - - 

2.5 

1.0 

1.0 

io 

27 

7.12 

18.6 

49.25 

16.12 

1.76 

1. 25 

55.59 

1,056.1 

4 _ 

2.5 

1.0 

1.0 

1 1.5 

24 ! 

6.90 

19.4 

32.17 

17. 20 

1.48 

1.14 

46.93 

1,000. 8 


2.5 

1.0 

1.0 

I 1.5 : 

24 ' 

6. 77 

14.2, 

41.34 

34.98 

1.67 

1.08 

67.24 

1,040. 6 

f) ‘ 

2.5 

1.0 

1.0 

1.5 

24 

7.11 

17. 5 

28.79 

27. 66 

1.39 

1.09 

48.21 

913.8 


2. 5 

1.0 

1.0 

.5 

24 : 

6.73 

23.1 

85.11 

23.16 

1.54 

1. 13 

40.90 

1,007.0 

s. 

n _ 

; 2.5 

1.0 

1.0 

.5 

24 

6.87 

10. 3 

33.50 

37.17 

1.60 

1.20 

75.79 

822. 5 

1 2.5 

1.0 

^ 1.0 

. 1 

24 

6.47 

17.4 

32.03 I 

32. 26 

1.37 

1.24 

52. 28 

1,009. 7 

!0 3 . 

2.5 

1 1.0 

1.0 

. 1 

0 

6.29 

15.8 

62.83 

39.21 

1.21 

2.13 

64.03 

1,011.6 

1 ! 4 . 

2. 5 

1 1.0 

1 1.0 

. 1 

0 

5.72 

23.2 

38.47 

, 36. 25 

1.14 

1.76 

45.94 

1,078. 9 

12 

2. 5 

! 1.0 

1 1.0 

. 1 

4S 

6.65 

16.1 

43.35 

12.19 

1.58 

1. 49 

63. 27 

1,030.2 

li;.:; ... 

2. 5 

1.0 

i 1.0 

. 1 

75 

6.63 

28.3 

30.28 

8.98 

1.13 

1.33 

35. 52 

1,030.7 

14 - 

i 2.5 

I.O 

1 1.0 

. 1 

24 

6.34 

24. 1 

44.98 

17.60 

1.17 

1.30 

43. 30 

1,043. 5 

15. 

1 5.0 

1.0 

! 1.0 

.1 

! 26 

6. 46 

19.9 

41.90 

12.62 

1, 51 

1.37 

52.43 

1,046.4 

Ifi . 

1 2.5 

2.0 

1.0 

. 1 

26 

6.32 

15.5 

43.63 

38.15 

1.79 

1.31 

61.08 

964.2 

17 . 

‘ 2.5 

1.0 

2.0 

. I 

26 

6.49 

18.3 

80.00 

38.82 

1.13 

l.OS 

57.27 

1,095.3 

. 

I 2.5 

I.O 

1.0 

.1 

28 

6.90 

19.4 

45.97 

35. 71 

1.33 

1.43 

49.52 

997. 5 

I <4 _ 

! 2.5 

(■» 

1.0 

.1 

28 

6.95 

11.8 

64.87 

50. 56 

1.10 

1.37 

87.41 

1,039.0 

2 5 . 

; 2.5 

r) 

1.0 

.1 

28 

7.81 

12.4 

60. 57 

42. 53 

1.07 

1.60 

64.48 

813.1 


1 Treatment at X 20 concentration, then diluted. 

2 Treatment at X 5 concentration, then diluted, 
s Filtered immediately after treatment. 

^ Sucrose and salts treated separately. 

5 Autoclaved 1 hour. 

® Added 0.5 cc (NH 4 ) 2 S per liter. 

• Substituted 0.64 g of K2HPO4. 
s Substituted 0.52 g of K 3 PO 4 


Attempts to obtain an improvement by the use of filter pulp and 
excess iron (5 mg Fe per liter) were futile and gave the same results 
as those tabulated. The additional adsorptive capacity of the filter 
pulp and of the precipitate of iron salt seemed unnecessary. Another 
experiment with a sohition which on mixing had a pH value of 7.19, 
and was filtered to remove the very slight precipitate formed, gave 
growth ratios of 16.91, 4.64, 1.09, and 1.20 for iron, zinc, copper, and 
manganese, respectively. These ratios, while equal to or superior 
to those obtained with the untreated solution, are inferior to those 
obtained with the treated solution, an indication that the adsorptive 
capacities of the precipitates formed during purification play a 
necessary part in the process. 

Also of interest are the results obtained on the sporulation of the 
fungus and the accompanying variations in acidity of the nutrient 
solution resulting from the growth of the organism. This information 
has been tabulated in table 2. It will be noted that sporulation is 
inhibited if any of the four heavy metals under discussion are omitted 
from the nutrient solution. In the absence of copper, moreover, the 
, iepnsition of pigment in the spore walls is interfered with and the 
spores are brown, yellow, or white, apparently according to the extent 
of the deficiency of this metal in the nutrient solution. 
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Table 2. —Sporulation of Aspergillus niger and pH of nutrient solution at harvest 
loith calcium carbonate employed as piirificant 


Culture no. 

Sporulation ^ 

m absence of indicated heavy 
metals 

pH at harvest in absence of indicated heavy 
metals 


All 

Fe 

Zn 

Cu 

Mn 

None 

All 

Fe 

Zn 

Cu 

Mn 

None 

_ 

l,bl 

2,bl 

Lbl 

2,br 

3, bl 

4, bl 

3. 75 

3.44 

3. 46 

1. 57 

1.56 

1.56 

2__ 

2,bl 

3,^ 

4,bl 

4, hr 

0 

5, bl 

2.75 

1.91 

1. 91 

2.21 

1. 77 

1.91 

5_ 

l,bl 

Lbl 

2,bl 

2,y 

3, br 

5, bl 

3.01 

3.02 

2. 90 

2. 24 

1.63 

2.64 

4_ 

l,bl 

2,bl 

3, bl 

4, br 

4,bl 

5,bl 

3.20 

2.98 

2. 87 

1.89 

1.85 

2.10 


1 bl 

2, bl 

2, bl 

3 br 

4 hi 

hi 

3.^2^ 

3 02 

2 

1 Q4 

1 01 

2 11 

f)_ 

l,bl 

3,bl 

3,bl 

4, br 

5, bl 

5^ bi 

2.97 

Z77 

o' 77 

L7S 

L79 

L93 


2, bl 

2,bl 

3, bl 

3,br 

3, bl 

4,bl 







S_ ^ 

2, bl 

2,bl 

3, bl 

3, br 

5,bl 

5;bl 

^20 

3.01 

2. 85 

1.83 

1.85 

1.93 

9 _ ’ 

2,bl 

2,bl 

3,bl 

3,br 

5,bl 

5, bl 

3.20 

2.89 

2.88 

1.96 

1.85 

2. 01 

10..._ 


Li 

Li 

2,y 

0 

5,j 

2.95 

2.89 

2. 98 

1.78 

1.53 

1.72 

11_ I 

l,j 

Li i 

2,j 

2,y 

0 

3, bl 

3.01 

2.91 

2.93 

1,79 

1.52 

1.65 

12.. 

1, bl 

1, bl 

2,bl 

2,y 1 

2,bl i 

4,bl 

3,19 i 

2.99 

2.89 

2.08 1 

1.58 1 

1.91 

13_1 

l,bl 

2,bl 

5,bl 

3,y 1 

' 0 

5,bl 

■ 3. 35 i 

3.02 

2. 65 

! 2.54 1 

1. 50 ^ 

2.44 

14.. 

1, j 

Li 

2,j 

2,w 

0 

4,bl 

3.07 

2.73 

2. 76 

1 2.10 

1.50 1 

2.01 

15.-..1 

Lbl 

Lbl 

3, bl 

3,br 

2, bl 

3, bl 

3.29 i 

3.07 ! 

2. SO 

j 1.50 

1.46 ! 

1.37 

10. ! 

l,bl 

Lbl 

2, bl 

3,V 

3, bl 

4, bl 

3.21 

1 3.01 

3.06 

1 1.94 

1.64 i 


17__ 

l,bl 

2, bl 

2,bl 

3, br 

3, bl 

4,bl 1 

2.97 

3.01 , 

3.01 

1 2.2S 

1.74 

2.28 

IH.. 

l,bl 

Lbl 

L bl 

2,y 

2,bl 

Lbr 

3.15 

3. 05 

3.08 

i 1.94 

1.60 

1.84 

19.... 

Lbl 

Lbl 

L bl 

2, br 

2, br 

4, bl 

3.14 

2. 98 

3. 05 

1.97 

1.67 

1 1.57 

20-. 

Lbl 

Lbl 

Lbl 

2, br 

1 

Lbl 

5,bl j 

3.04 

2 . 91 

2. 91 

2.04 


IJf 


5 Amount of sporulation is indicated as 0 (sterile) to 5 (entirely covered with spores) and spore color by 
the initial letter or first 2 letters of the words jet, black, brown, tan, yellow, and white. 


The presence in the mitrient solution of both iron and zinc seems 
to be necessary for the acid metabolism of the organism, whereas 
the addition of manganese and perhaps copper seems unnecessary. 
Manganese particularly does not seem to be required for acid forma¬ 
tion and it is surmised that it bears some relation to the processes 
whereby the organic acids are decomposed. Since both copper and 
manganese are still present in the cultures in amounts sufficient for 
50 to 75 percent of maximum growth, definite conclusions as yet 
cannot be drawn. 

NUTRIENT-SOLUTION PURIFICATION WITH BASIC MAGNESIUM 

CARBONATE 

The data of table 3 show the results obtained by the substitution 
of basic magnesium carbonate for calcium carbonate in freeing the 
nutrient solution from heavy metals. The results are similar to those 
obtained with calcium carbonate. However, the use of basic magne¬ 
sium carbonate possesses certain advantages over that of calcium 
carbonate. It avoids the introduction of a nonnutrient, and heat 
treatment may be continued for 20 minutes in the steamer at 100° C. 
instead of in the autoclave at 120.5°, since the basic magnesium 
carbonate reacts quickly. Furthermore, the nutrient solution so 
purified seems to be nearly free from calcium and shows no trace of 
this element when tested with potassium fluoride or aimnonium 
oxalate. Moreover, the absence of calcium to the degree indicated 
in these tests does not cause a decrease in the maximum yield. The 
disadvantage of tbe method is that it is critical for concentration of 
purificant employed, an excess resulting in the more or less complete 
removal of phosphate. 
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Table 3. — Efed of m nations in purification method ivith basic magnesium carbonate 
upon growth of Aspergillus riiger in a nutrient solution co?itaining d percent 

sucrose ^ 


! Duration of treatment was 21 hours in all cases, 


- Added 0.5 cc (NHiijS per liter. 


The data on spomlatioii and acidity at harvest, obtained in the 
experiments tabulated in table 3, have been summarized in table 4. 
The results are essentially the same as those given with the calcium 
carbonate method. The effects of omission of heavy metals on 
sporulation seem to be intensified, however, w.hile the variations in 
aciditv remain about the same. 


Table 4. —Sporulation of Aspergillus uiger and pH of nutrient solution at harvest 
ivith basic magnesium carbonate employed as purifimni 


Sporulation in absence of indicated heavy | pH at harvest in absence of indicated heavy 
metals i i metals 


Culture no. 



.411 

Fe 

Zn 

Cu 

Ain 

None 

All 

Fe 

Zn 

Cu 

Ain 

None 

. 

l.bl 

2.bl 

4. bl 

8, V 

I. hi 

4,bl 

2.9« 

2.93 

2.37 

1.95 

1.71 

1.73 


Lbl 

2, bl 

Abl 

8.y 

1, bl 

4,bl 

3.27 

3. 03 

2.42 

2. 22 

l.fkS 

2. 22 

i .. 

i J,bl i 

l,bl 

' 2,bl i 

2. y 

; 2,bl 

1 4,bl 

1 3.28 

3.00 

3.04 

L 83 

1.03 

1. 78 

4_ 

i J.bl 

Lb! 

i Lbl i 

2, hr 

i I.bl 

3. hi 

1 3.14 

i 3.05 

2.44 

1.81 

i 1.04 

1.81 

5. 

1 l.bl 

I.bl 1 

I.bl ! 

Lbl 

i 0 

1 2, hi 

2.29 

i 3.08 

3. It) 

1.85 

1.74 

LSI 

f*_... . 

! r> 

0 

' 2, hi i 

2, V 

i 2,bl 

i 8,bl 

i 3.80 

0.88 

3.35 

2.50 

2. 23 

2. 20 

7.- - - - 

i t) i 

i.bl ^ 

2. hi 

Lbr 

i I.bl 

i 3,bl 

i 3.84 

3.24 

2.93 

1.99 

i] 25 

1.95 

S,-.. - - 

! d 

2 , b] 

! .Lbl 

2.br 

' I.bl 

I o,hl 

i 3. OS 

! 3.05 : 

2.49 

2.02 

1.69 

2 . 02 


J See footnote 1, table 2 . 

NUTRIENT-SOLUTION PURIFICATION WITH ADSORBENT 

CHARCOAL 

The experimental work with charcoal as purificant given in table 5 
was planned primarily to ascertain whether the use of adsorbent 
charcoal in conjunction with a purificant of definite chemical com¬ 
position would lead ^ to any improvement. Basic magnesium car¬ 
bonate 'was' plected instead of calcium carbonate because the lower 
initial acidities brought about through its use are nearer the acidity 
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(pM S) roroniiuended for utilization of rhaiToal. Other conipoiincls 
of the alkaline (airth ]netal^^, such as the oxides, hydroxides, or trir 
tiasie phosphates, prohafily would operate siniilarlv. One ox])eri- 
inerit \\ith ealriuin enrhonate also has been inehided for eomparison. 
The (‘hareoals (‘oinpared are (A) Oarhex E (earhoraffiu), (B) cane- 
sugar (‘har(‘oa.l, (C^) de:‘oiorizing charcoal, and (I)) medicinal charcoal 
purified by arid. None of these charcoals was free from ash con¬ 
stituents; even the cane-sugar charcoal contained 2.07 percent of ash. 

The results obtained by supplementing the action of basic .mag¬ 
nesium carbonate with adsorbent charcoal do not differ in any 
i.mportant degree fro.m those previously discussed. All indications 
point to the conclusion that the use of charcoal is advisable only if 
it is necessary to avoid the use of an alkaline earth carbonate, hydrox¬ 
ide, or oxide. The lack of uniformitv in results with different char¬ 
coals is most apparent in the acidities at harvest. These variations 
of course are not unexpected, inasmuch as organic compounds and 
2 to 5 percent of ash constituents are iisuallv present in an adsorbent 
charcoal. Miller (6) asserts that ash-free cfiarcoal is not an effective 
adsorbent for cations no matter what its source, and claims that 
adsorption of cations is largely a propeidy of the contaminants 
present in the carbon. 

EFFECT OF SPORE EXTRACTION TPON SUBSEQUENT GROWTH OF 
ASPERGILLUS NIGER 

The inability to obtain growth ratios higher than 2 (50 percent of 
maximum yield) with copper and .manganese in these immstigations 
must be due to a technic inadequate to remove these metals entirely 
from the nutrient solution, to their introduction as contaminants 
with the heavy metals intentionally added, to the presence of these 
materials in tlie spores, or to a combination of these causes. The 
only alternative is tlie assumption that an element may be essential 
for a physiological function and yet not be of the first importance to 
growth. This alternative would seem improbable, however, inasmuch 
as other data on hand show that the absence of any of the elements 
essential to Aspergillus niger results in the almost complete suppres¬ 
sion of growth. Hence it seemed advisable to attempt to determine 
experimentally the extent to wliich the growth of the fungus is 
influenced by the presence of copper and manganese in the spores. 
Parallel studies also were made on the effect of iron and zinc on growth. 

Extraction of the spores with dilute alkali was adopted initially, 
since the black pigment (aspergillin) in the spores is known to contain 
iron and to be soluble in dilute alkalies. The possibility that the 
storage of copper and manganese in the spores is associated with that 
of iron rendered tliis procedure attractive for a first trial. Tests 
de.monstrated that the pig.nient could be extracted from the spores 
with potassium bicarbonate (0.5 to 30.0 g per liter) without in¬ 
jury to the spores. Experiments in which ammonium hydroxide was 
emplo^md also were performed. The results are tabulated in table 6. 
The increased growth ratios with iron, copper, and manganese would 
indicate the presence of these materials in the spores and the feasibility 
of at least their partial re.moval. The negative results with zinc are 
to be attributed to its presence in the potassium bicarbonate and 
ammonium hydroxide employed, since the use of redistilled ammonia 
led to a higher growth ratio with zinc. 



adso7'he?U charcoals ^ cjnjdoycd as supplcrnentary pnrificanis 




























TabIjE 6. —EffecAs of sjtorc extraclion on the develoirment of Atipergillus niger in a 1,0 mdrieni soluiiou jmrificd with 0.1 percent of 

calcium carbonate 
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DISCUSSION . 

To judge from, the description by Britton (,^) of the faihoi-y methods 
for the purification of cane sugax and the acidity at which the heavy 
metals are precipitated as phosphates, it would seem that the ]netho(! 
of nutrient purification with calcium carbonate is quite similar to the 
factory procedure for the purification of sucrose. The heavy-iiietal 
impurities would appear to be precipitated largely as phosphates, 
though some may also separate out as hydroxide, carbonate, or basic 
carbonate, depending on the acidity of precipitation. On the 
assumption that a precipitate of the most insoluble compound is 
always formed, it is probable that under these conditions practically 
all the heavy metals wull undergo precipitation in one form or another. 
Thus, when basic magnesium carbonate is used as the piirificant even 
barium, strontium, and calcium probably will be removed if the 
proper quantity of purificant (and therefore the appropriate acidity) 
is utilized, since the salts of the latter elements are precipitated at a 
higher acidity than is magnesium. In principle the method seems 
dependent upon increasing the alkalinity of the solution in the 
presence of an alkaline earth sufficiently to cause the precipitation of 
the alkaline earth simultaneously vuth that of the heavy metal it is 
desired to remove. The precipitate of the alkaline earth compound 
thus serves as a “gatherer” or adsorbent. The chemistry of the 
process therefore is elementary. As suggested by Hopkins (J), 
perhaps also other cations, such as some of the heavy metals, may be 
found to answer the same purpose. It is immaterial whethel the 
alkaline earth be added before or after the decrease in acidity, and the 
means 'whereby the decrease in acidity is bioiight about also is of no 
consequence. Neither is it important whether the purificant is 
added as an integral part of the nutrient solution. 

The speed of reaction with calcium carbonate seems to be slower, 
and it is stated by Hillebrand and Lundell (4) that the limit of alkalin¬ 
ity corresponds to pH 7.4, w'hereas the basic magnesium carbonate 
reacts rapidly and can produce pH 9.5 if sufficient be added. With 
the former material the reaction never goes to completion under the 
conditions employed, while with the basic magnesium carbonate the 
reaction is always complete. 

Since the precipitates formed during purification are never abso¬ 
lutely insoluble it cannot be claimed that the process completely 
removes the heavy metals. The efficiency of removal differs with 
the element and appears to be greater with iron and zinc than with 
copper or manganese. A puzzling feature in this connection is that 
wffiereas formerly the purified solution wms ahvays light yellow as the 
result of caramelization {8) the solutions in the present series of 
experiments w^ere always colorless. 

The results obtained through extraction of the spores of Aspergillus 
niger are distinctly encouraging and would seem to indicate the 
utility of this procedure as an experimental tool to accentuate heavy- 
metal deficiencies with the fungi. This procedure may prove feasible 
also with seed of green plants and appropriately selected compounds. 
The quantities of heavy metal stored in the spore or seed in some 
cases may be found sufficient in quantity to provide completely for 
the growth of the organism. This does not seem to he the ease with 
A. niger, how^ever. 
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Data obtained, in an unsueeessful attempt to reinove all halo<2:ens 
from the nutrient solution are pllustrative of the magnitudes dead 
with, in these experiments and .’of the sensitivity of res[>onse of the 
organism. The addition of silver nitrate (5 mg Ag per litcn*) to th<‘ 
nutrient solution, followed by treatment witli (*alf‘ium earbonate 
to remove excess silver, gave tipoii filtration a solution presumably 
free of halogens. The presence of silver in the solution was revealed, 
however, through absence of growth upon inoculation. Xeverthe- 
less, a series of simultaneous cultures to which slight excesses of 
sodium chloride, sodium bromide, and sodium iodide had been added 
gave characteristic precipitates and \ields of 0, 121.8, and 74S.2 
mg per culture, respectively. The solubilities of silver chloride, 
silver bromide, and silver iodide in water are 1.5, 0.11, and 0.003 mg 
per liter, respectively. On the assumption of equal solubility of 
silver iodide in water and in 5-percent sucrose, the results would indi¬ 
cate that 1.5 parts per billion of silver ion are sufficient to cause a 
loss of about 25 percent in yield. Actual determinations later gave 
decreases in ;vield of 9.9 and 6.4 percent with 1 part per billion of 
silver ion, though in unpiirified solutions. 

Without attempting to minimize the value of the method of nutrient- 
solution purification for biological study, nevertheless it must be 
admitted to be a makeshift and of value mainly because of the pres¬ 
ence of excessive quantities of impurities in the commercial chemicals 
available for work of tiiis character. Its disadvantage consists in 
the inability to predict the exact composition of a nutrient solution 
after treatment and consequently the limitations in its employment 
for critical study of nutrient proportions. It is estimated that a 
tvventyfold improvement in the purity of commercial chemicals 
would permit one to dispense with the method of nutrient-solution 
purification in nutrition studies with plants. To be entirely satis¬ 
factory an imu-ease of at least fiftyfold would be reciuired in the purity, 
of the compounds employed. 

Pending the development of methods for producing chemicals 
that might be referred to as biologically pure and of adequate chemi¬ 
cal or spectroscopic tests for ascertaining their purity, the calcium 
carbonate method of nutrient purification seems to be the best pro¬ 
cedure available for the removal of the last traces of heavy metals. 
Tills method, or variants of it, has already been applied successfully 
to determine the heavy-metal requirements of various fungi, of algae, 
and of Lemna. Since the salts may be subjected to purificationsiieeess- 
Mly in the absence of sucrose (table 1, culture no. 11) there is no 
reason to think that the method cannot be applied to the study of 
the heavy-metal requirements of the higher plants. Moreover, the 
agreement in results obtained with selected commercial (ffiemicals 
and with the various modifications of the purification method here 
discussed makes it evident that these results on the requirements of 
Aspergillus niger for iron, zinc, copper, and manganese cannot be 
accidental and should serve definitely to establish these needs. 
These heavy metals have been claimed to be essential also to green 
plants and to animals. Results with the method of nutrient-solu¬ 
tion purification obtained with quartz apparatus were essentially 
similar to those obtained with pyrex glasswwe. 
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SUMMARY 

PiiriEcatioii of the luitrient solution for the removal of heavy 
metals may be accomplished hy treating the nutrient solution ^with 
calciuni carbonate and filtering while hot. The method is not critical 
and gives good results with iron, zinc, copper, and manganese under a 
wide variety of conditions and procedures. The removal of heavy 
metals appears to be dependent on their coprecipitation with an 
alkaline earth as phosphate, carbonate, or hydroxide by a decrease 
in acidity. The use of adsorbent charcoal to supplement the action 
of an alkaline-earth purificant is imnecessary and causes a decrease 
in experimental precision. Extraction of the spores of Aspergillus 
niger with alkaline solutions effects partial removal of iron, copper, 
and manganese stored in the spores in preparation for subsequent 
growth, and so leads to an accentuation of deficiency effects with 
these metals. 
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A SIMPLE, AC€URATE METHOD OF COMPUTING BASAL 

AREA OF FOREST STANDS^ 

By C. Allen Bickfobd 

J unior forester, Southern Forest Experiment Station, Forest Service, United Sinfes 

Department of Agriculture 

INTRODUCTION 

Basal area is a measure of a timber stand by the use of wliich the 
errors peculiar to measurement by volume are avoided, and by which 
a more accurate picture of the timber is provided than by diameter 
measurement alone. For these reasons it is widely used. The 
statistics of basal area wliich are commonly sought for various 
purposes are: The sum: the mean; the diameter of mean basal area; 
the standard deviation; the product moment, or sum of cross products; 
the growth of a tree; the growth of a stand or plot; the mean growth; 
and the standard deviation of growth. The common method- of 
obtaining these statistics are either exceedingly laborious or introduce 
systematic errors. The purpose of this paper is to present a method 
which is both precise and easy to apply. 

REVIEW OP METHODS 

The usual way of determining basal area of a timber stand is to 
list the basal area of every measured tree, using a basal-area table,- 
and compute the desired statistics from this list. Where there are 
many trees, this method is slow and laborious, but accurate in princi¬ 
ple. In practice it lacks a systematic check, and errors creep in 
wMch may go unnoticed or may at best be troublesome to correct. 
With this method, the computation of any statistics besides the mean 
and sum of basal area and diameter cf average basal area is not usually 
worth the effort. 

Another common procedure in computing statistics of basal area is 
to group the measured diameters into classes and select a value for 
each class in using the basal-area table. TMs is obviously much less 
tedious than the other method and is also less liable to troublesome 
numerical mistakes. However, it introduces a systematic error due to 
grouping, the magnitude and direction of which depends on the 
diameter distribution and the class value chosen. Another class of 
error is introduced when the usual inteipolation in the table is made by 
proportional parts; this error is always negative in sign. 

THE FORMULA METHOD 

The proposed method is derived from tlie analytical definition of 
basal area— 

^""(4) (144) 

1 Received for publication May 3, 1935; issued December, 19Q5. 

2 For simplicity, diameters are assumed to be perfect circles and without errors as measured. 
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h i-i hjisal arc‘i) in s(|iiar('‘ IVt^t and d is {Hanioter in iiudn^^s. 
i4h, 144) 

this liuiy be expressed: h^-lof- (2) 

Using tliis definition and the formulae wliicli follow, computation of 
any of tlie above statistics of basal area is both easy and precise. 
This may be called the “formula metliod'h to contrast with the 
usual table method. 

APPLICATION TO UNGROUPED DATA 

Computations of basal area by the formula method may be made 
witli or without grouping. Ungrouped data generally mean a small 
sample, and with few trees and only simple statistics desired, the 
qiiichrest procedure is to use tlie basal-area table. As the job increases 
in complexity the formula method becomes increasingly advantageous. 
It readily follows from equation (2) that total basal area— 

:zb=kA(P, (3) 

and that mean basal area— 


A A'-"' 


(4) 


26 


where 26 is the sum and y mean of basal area, and 'Zd' is the 

sum of the squared diameters. The diameter of average basal area is 

.26 

Av 


from (2') and (4‘) above, f/'L—p ~ 

VV" 

Standard deviatioir of t)asal area •'* 

W\^ 


\ xV 


(5) 


- at,— 


a) iZ¥ /26y 
V A An \n)- 


(6) 


sNZhr-(Zd^f 
In small samples tlie standard deviation must be multiplied by 

rN~ 

_ Va-T 

' An u|ijsrtJximai6 sluntltird tld’Viatioii uf hasal arva may by obtained when the diameter distribution in 
nearly normal, which avojiis follows: From the moments of the normal curve > ^lay 

shown that X(a‘+.\/‘b and X(i‘= .VCIa-HfLU-a-i-f A/h; suhstitiitini^ these values in equation (H) 


k V 4AfV = A '2ffqa2+2.vF} = 




(7) 


this approximation is useful because it uses values that are easily obtained, and even though in error it 
may serve show that it is iinuecessary to compute the true standard deviation. 
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.V simple way to obtain the sums of the higher powers of d required 
in the above formulae is to list diameters by size in descending order 
and tabulate diameter. numb(u*, the ])rorluct of these two, and three 
cumulative sums as follows; 


d 

n 

nd C, 

Cl 


hi 

n 

rn n rti ni n 

rn ti 

in n „ 

m-l 

n iji-. 

.1 i/e — inn,,^ 

U_ 1 If f 1 > ___ j 

2 tn n 


in-2 

n. f>, - 

.J (//> — 2 ,'/p„ „2 iff /tfri 

— i/a—2 00^-2 

>Urtn 

— 2(/a —1 i 

— (if >—2} 



ih 

-Lfa 



*) 


2 a, 



I 

fh 

ni Sr, 


X, 

Total 

X 

Su Ni 

N, 


Then 


= Si and Ad'^=i\Si~\^S 2 —Si. 




These cumulative sums require that d be continuous from ni to 1 
inclusive, /o- may be zero, but its row will have entries in and 

CV Note that this procedure provides a check, in that the last entry 
under the cumulative suras is the sum of the preceding coliimn. 

The product moment, or sum of cross products, is a statistic used 
in correlation analysis and regression equations. Where x is an 
associated variable— 

'Ihx^JcMA (S) 

Ibx may readily obtained either by direct multiplying or more 
simply by the method of cumulative sums shown above. The sort 
is still on (/, but. Instead of showing /u/, show lx for each d value; 
then and Sb 

Tlie growth of a single <:ree in basal area is rarely needed, but its 
derivation aids in understanding what follows. Let Ml be growth 
in diameter and \h be g:*4'>wth in basal area, then d and 6 are initial 
diameter and basal area, and d — \d and b-r \h are diameter and basal 
area at any subsequent period. 

h-j~ Ab ^/r (d -j- Ad)~=1\{d~~d'Zd Aa 'p Ad”) 
and by subtraetion— 


Ab ~ k {' 2 d Ad + Ad ~) 


( 9 ) 
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From wliicli it readily follows that total basal-area growth, 

2 =k (22dAd + 2 ( 10 ) 

and mean growth in basal area 

^^^=~ji2^dAd+^Ad:0 ( 11 ) 

There appears, imfortiiiiately, to be no simple, direct means of 
obtaining from d and Ad, but it may be computed in the usual 

way— ^ 



or with the usual correction factor for small samples. This foinnula 
requires the squaring, summing, and averaging of each individual 
A6 to obtain the first term, while the second may be secured from 
fiunuila (11) above. 

APPLICATION TO GROUPED DATA 

Witii grouped data the practice usually recommended is to use the 
mid point of each class as the class value.'l Sheppard ' has shown that 
tiie average effect of grouping, using the mid point as the class value, 
is to introduce a positive bias of one-twelfth the square of the class 
interval in the average square w^hen the class interval is constant, 
the distribution is continuous, and the class frequencies decrease 
very slowly in the tails (i. e,, the frequency curve makes contact of 
high order vdth the abscissa). Since total or average basal area is a 
function of the sum of squares of diameter, it follows that with 

nkh^ kh? 

grouped data a correction of or when h is the class interval, 

should be made. In the mean, where 1-inch classes are used, this 
amounts to only 0.0004545 . . . and it is of course correspondingly 
small in the total. It is evident that for all common purposes this 
correction is too small to be of any practical value. However, it 
should be noted that Sheppard’s correction is meant to apply to the 
average result of grouping. In practice it is never worth while to 
obtain this average; but for certain distributions the results of a par¬ 
ticular grouping may be as much as 10 percent different from values 
obtained without grouping. In general, grouped data will rarely 
produce the same result as would be obtained without grouping, but 
the discrepancies will be small and the grouping alone causes only a 
slight bias, if any. There is some loss in precision, but the statistics 
are much easier to compute. 

But basal area as^ customarily obtained by grouping suffers a 
greater loss of precision than is necessary. The usual grouping of 

mighty supposed that the aritlimetie class mean would provide a satisfactory class value, but it may 
m TOdily shown mat this is too small by k times the sum of squares within classes. 

« Shkppaed, W. F. on the calculation of the most probable values of frequency-constants 

FOR DATA AERANOED ACCORDING TO EQUIDISTANT DIVISIONS OF A SCALE. Loudon Math. SoC. PrOC- (1897- 

«) 29:353-380. 18W. 

■ — OK THE CALCULATION OF THE AVERAGE SQUARE, CUBE, ETC., OF A LARGE NUMBER OF MAGNI¬ 
TUDES. Jour. Roy. State. Soc. 60:698-703. 1897. 
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diameters puts the mid point of l-inch classes at 0.05 greater than 
the even inch, and few basal-area tables show classes with diameter 
intervals of less than one-tenth of an inch. It thus becomes necessary 
to interpolate, and this is usually effected by using proportional 
parts. The error so introduced is small for individual trees, but it is 
always negative and may become appreciable in a sum. 

Errors are also made by using the even inch as the mid point of the 
class, though it is usually 0.05 inch too small. This error may be 
readily corrected as shown below, but the correction is rarely made. 
Let -.1 be the mid point of a class and a any deviation from A: 

k'^A^ is obtained by using the true mid point. 

is obtained by using any other point. 

Ignoring k for the moment— 


whence 


^ (A + a) ^= 3.42 4- 2u + Na- 


:^A-==MA+<C'^~2a:^A-Xa~:^{Af~a)'‘^~2aXiA+a) + M\ 

From this it is evident that no injury is done by using any arbitrary 
value desired for the class value in obtaining the sum of squares if 
the proper corrections are made. As a matter of fact, for ease of 
computation where the true mid point is some relatively awkward 
number, such as 5.05, the method of the assumed mid point is much 
simpler. Furthermore, since SA''=2(A+G--a)'‘, it is very simple 
to obtain any of the higher moments needed even though a false class 
value is used: 


2.4=3 (A+a)-Au (13) 

2A^=2(A+a)2~2GS(A+a.)+AV (14) 

2.4®=2 (A+ay- 3a2 (.4+a)-+3a22 (A+a) - AV (15) 

2.4^=2(A+a)'-4a2(.4+ai®+6a‘^2(-A+a)--4a®2(.4+a)+A^u^ (16) 
etc. 

The proposed formula method uses formulae (13) to (16), mth 
grouped data, to obtain 2.4h 

2.4'’=2</''4-Sheppard’s correction. 

The formulae of imgroiiped data, (3) to (12) inclusive, may then be 
used to obtain whatever statistics of basal area are needed. 


A NUMERICAL EXAMPLE 

The follovdng example presents a summary of field data and the 
computations essential to the use of the preceding formulae. 

From the original measurements (which are here excluded for the 
sake of brevitv)— 

A'= 165 
2rf=548.0 
1966.64 

2d^=31532.4704 

26 = 10.724 (from table of basal area) 
k 2^^-= 10.726. 
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Table 1 shows the data grouped in the conventional manner with 
coiiipiitations for two estimated values for each class. 


Table T —Computation of the sum of hasal area hy usual 'methods 


Diameter breast high 
interval (inches) 

I Trees 
(rt) 

Mid¬ 

point 

(U) 

Approxi¬ 

mate 

mid 

point 

(U-fa) 

. 

Basal area hy— 

True 

value 

A 

AAa 

Individual 

trees 


Number 

! Inchea 

Inches. 

Sq.ft, 

Sq. ft. 

Sq. ft. 

Sq. ft. 

J.ft-2.0 _ 

.J 43 

\ 2.05 

2 

1. 2244 

0. 989 

0.946 

1. 210 


i 66 

3. 05 

3 

3.4368 

3. 300 

3.234 

3. 440 

.... 

,-| 37 

4.05 

4 

3. 2952 

3. 293 

3. 219 

3. 700 

__ _ 

J 17 

1 5.05 

5 

2.3568 

2.363 j 

2.312 

2. 356 


. i 2 

! 6.05 

6 

7. 4128 

7.398 

7.392 

7.412 

Total____ 

165 

i • . 


10.726 

10.343 

i 

10. 103 

10. 724 


Table 2 shows the data grouped and computed by the formula-' 
iuethod. 


'r vBLE 2. —IllusiratioH of the formula method in obtaining the sum. of basal areas 


A}>prn\iiiuite i 
inidiminl ol ; 
diameter breast ; A, A 
hi ah (A-ra) : 

(inches; I 

i 

; 

H <^'i 

|; Approximate 

1 1 mid point of 

C 2 j 1 diameter breast 
ii high 

A '{inches; 

Trees 

in) 

n (.1-fa) 

Cl 


' Number' 

6 . '2 

! 12 12 
85 : 97 

148 : 245 

198 i 443 

i 12 A 2 ! 

Ninnher 

43 

86 

529 

529 

1, 326 
1,855 

5. ; 17 

4 ’37 

109 Ml 1 

1 354 i' : 

1 797 h Total.1 



3... ..A m 

165 

529 

1.855 



is approximately 3U-l+u)“~2(7 'E(A+a)+A^a^ or 1855 — 
2(“0.05){529) + (165)(—0.05)-=190S.3125. '^b—k'Ed'^ or approxi¬ 

mately 1908.3125 k—lOAQS. Note that 26 without correction (14) 
is ISbok or 10.117. 

Of the six values for the sum of basal area, the one most likely to 
be right is 10.726 obtained from That obtained by summing 

the tabular values for individual trees checks as closely as can be 
expected. 

The result of using the true mid points is contrary to what would 
be expected for this method on the average, but it should be remem¬ 
bered that this is a particular sample and the generalization applies 
to tiie averages of all possible groupings. This does not imply or 
even suggest that there is anything wrong with the sample, as certain 
other unexpected results might. In this particular example the 10 
possible groupings of diameter were computed and total basal area 
varied from 9.520 to 12,255 and averaged 11.039. Sheppard’s cor¬ 
rection of —0.075 helped, but at 10.964 is still 2 percent too large. 

The employment of the even inch as the class mid point yields, as 
pis expected, a result that is too small. When the correction 53.3125 
is added to 1,855 it precisely checks 1,908.3215, as it should. 

The discrepancies in total basal area as obtained from the table 
and from summing tlie squares and correcting by the factor k are due 
to the lack of precision of the table, as is shown by the following 
comparison (table 3). 
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Table 3. —Comparison of errors introduced by using too few decimal places 


A 

(inches) 

Table 

I:d^‘ 

! 

i AVa 

j (mci;es) 

Table 

1 

M2 

2.05.... 

Sq.jL 

0.023 
.050 
.089 
.139 
.199 

Sq.ft 

0.02292 
.05074 
. 08946 
. 13909 
. 19963 

2 ...i 

1 Sq.ft 
\ 0.022 

1 .049 

! .087 

1 .136 i 

1 .196 

' Sq.ft. 

0.021S2 
.04909 
.OS72G 
.13635 
.19G34 

3.05..... 

3 . _ _I 

4.05___ 


5.05____ 

5 . __ . ...1 

6.05..... 

0 . 

i 



These differences, although small for a particular entry, become 
increasingly important as the n of the class increases and even with¬ 
out a tendency to be conservative introduce a bias toward too small a 
value when using the basal-area table with any sort of class values. 
Note that 4 of the 5 entries in each group have a larger value for krP 
than for the table value. (Interpolation for the values of A was 
made assuming a straight line, which is the conmion practice, although 
it is admitted^ erroneous.) It thus becomes apparent that to 
obtain precision in the sum of basal area by means of grouped data 
equal to that obtained from ungrouped data using a table which 
shows diameter to 1 decimal place and basal area to 3 decimal places, 
it is essential to have a table showing diameter to 2 and basal area to 
5 decimal places, as well as to correct for the errors of grouping, or 
to use other means than a table. 

The other statistics of basal area as computed by the formulae are 
presented in table 4: 

Table 4. —Comparison of other statistics of basal area as ascertained by various 

methods 


Source 

Average 
basal area 

Diameter 
breast high 
of average 
basal 
area 

. 

Vf 

Standard 

deviation 

cri» 

Approxi¬ 
mate stand¬ 
ard devia¬ 
tion iTh 

Table and A . .. 

1 Sq.ft 

0.0627 
.0612 
.0650 
.0650 1 
.0631 
.0613 

' Inches 

3.4 

3.3 
3.45 
3-45 

3.4 
3.3 

Inches 

Sq.ft. 

Sq.ft. 

Table and .4-1-a 




Individual d .^ 

3.45 

0.03S19 

o.ohs's 

Table and individual d _ 

Sum of ^43 _ .. . 

3. 40 
3. 35 


. 035G5 
.03512 

i 

Sum of (-4+a)ii... 





The points of interest here are already discussed for sums and will 
differ only in their values, not in their relation to one another. The 
cr\ obtained from any of the four methods shows essential agreement 
with <7ft, but there is a discrepancy in the wrong direction wliichis 
too large when there is any doubt of the result of the test for which 
it is used. 

The formulae of cross products and growth, though equall}^ im¬ 
portant, are not illustrated because to do so would rec^uire another 
example and the arithmetic involves no new principles. 


32G0r>~-as-4 
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SUMMARY 

Statistics of basal area may be readily obtained by the formula 
method without using a table of basal area. No one method will, 
however, meet all situations; the best way for each particular case 
depends on the precision required, the size of the sample, and the 
mechanical aids available. For very small samples, when only simple 
statistics such as the sum and mean are wanted, the basal-area table 
is the easiest way of obtaining them. For more complex statistics 
from relatively small samples, the most efficient procedure is to use 
formulae (3), (4), (5), (6), (8), (10), and (12), as needed, without 
grouping. For large samples, the easiest way is to group, using inter¬ 
vals of even inches, and make the corrections indicated by formulae 
(13) to (16), remembering that precision is always lost by grouping. 

The formulae presented are reassembled here for ready reference: 


Total basal area: 



(3) 

Average basal area: 



(4) 

Diameter of average basal area: 

(5) 


Vv 

Standard deviation of basal 

area: 

k 1 




(6) 


or 


Approximate standard deviation of basal area: 

(7) 

or 




, / 2N //2(p\2 /XdY 

W.v~iV\iv/ ~w) 


Product moment: 

Zbx=k2d^x 

(8) 

Basal a-rea growth: 



Ab=k{2dAd+A(P) 

Total basal-area growth: 

(9) 


:SAb=ki21klAd+-SA<P) 

(10) 
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Standard deviation of basal area growth: 



/SA6" , 


(12) 


V N ' 

liV j 

or 





/ N /saP“7saF^ 
N \N) 


Corrections for using a false mid point: 

Sum of first power: 


Na 

Sum of second power: 

(13) 

2aHt(A-{-a) —No? 

(14) 

Sum of third power: 


"1“ 

(15) 

Sum of fourth power: 


(4+a) ^ +(i) H 4(1^2 (^+a)--AW 

(16) 




THE EFFECT OF ONE AND OF TWO SEEDLING LETHALS 
IN THE HETEROZYGOUS CONDITION ON BARLEY 
DEVELOPMENT ‘ 


By D. W. Robertson, asfiociate agronomist^ and W. W. Austin, assistant agrono¬ 
mist, Colorado Agricultural Erp?rimerit Statioii 

INTRODUCTION 

The effect of recessive characters in the heterozygous condition may 
have some economic importance in yield of cereal crops. The studies 
reported in this paper were made to determine the effect of 1 or of 2 
lethal factors in the heterozygous condition on the growth of barley 
plants. 

LITERATURE REVIEW 

A summary of the recent literature on the effect of lethal charactej‘s 
on the growth of various crops is given in a previous publication by 
Robertson.- 

A previous paper reported that the factor pair for white versus 
green seedlings in Colsess I, the factor pair for yellow versus 
green seedlings in Black HulHess, and the factor pair Aha?! for green 
versus white seedlings in Hanna, when in the heterozygous condition, 
had no effect on the following mature-plant characters: Number of 
culms, average length of culm, average length of head, number of 
grains per plant, and total grain yield per plant. With the factor 
pair Atat for wdiite versus green seedlings in Canada Thorpe was 
associated an endosperm effect. In mature seeds borne on plants 
carrying the double-recessive factor pah aru? this endosperm effect 
was evident and reduced the yield. However the other plant characters 
were not affected. 

MATERIAL AND METHODS 

Colsess produced a white seedling in a monohybrid ratio. This 
seedling developed for about 10 days and then died. 

Colsess IP produced a white seedling in a monohybrid ratio. This 
seedling behaved similarly to Colsess I, but differed from Colsess I 
genetically. 

Colsess" IV^ produced a yellow seedling in a inonohybrid ratio. 
Tliis seedling grew under field conditions (low temperature) for about 
10 days and then died. It has previously been reported as being 
linked with the factor pair Ac(ic found in Colsess I. Crosses were 
made between Colsess I and Colsess IV in order to stiid^T- the effect of 
the lethals in the heterozygous condition on some mature-plant 
characters. Tliesc characters w^ere number of culms per plant, 
average lengtli of culm per plant, average length of head per plant, 
number of grains per plant, and total weight of grain per plant. The 
segregation"of the F 2 and F 3 plants again showed linkage. 

1 Received for publication Apr. 18,1935; issued December 1935. 

2 Robertson, D. W. the effect op a lethal in the heterozygous condition on barley develop¬ 
ment. Colo. Agr. E.xpt, Sta. Tech. Bull. 1, 12 pp., Ulus. December 1932. 

3 Robertson, D. W, linkage studies in barley. Genetics 14:1-36. 1929. 
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Crosses ^v'ere also made between Colsess II and Colsess IV. The 
iiinubers found in the F 2 seedlings are shown in table 1 . 

The data indicate independent inheritance of the factor pairs Ac^a^.^ 
and X^c- To further test the inten-elationsliip of the factor pairs, 
the green Ih plants were grown in F 3 and seedling counts made. 
The genetic constitution of the green F 2 plants as determined by the 
F 3 seedling behavior is given in table 2 . 

Table 1. —Segregation of seedling color in the F2 of a cross between Colsess II 
{Ac^cicf) a,nd Colsess IV (XcXc) 


Item 

Green 

Yellow 


1,025 
1,007.44 i 

V2=0. 
P, ver 

335 

335.81 

9347 
y large 

Culciilated segregation 9 : 3 : 4 __ __ 



Table 2. —Getietic constitution of the F2 green plants as determined by Fz seedling 

numbers 


Item 

j Indicated genotjT)es 

jLcg-A. cj A. cA. e 


.■4 c^A. eg V c2' e 

! 

cgG cj-ST c 

Observed number. 

Calculated segregation 1:2:2:4. 

Number 1 
63 

64.78 

Number 

124 

129.55 1 

P=C 

Number 

140 

129.55 

.1672 

).7630 

Number 
256 
259.12 


The Fg data give a good fit to a calculated 1 : 2 : 2 : 4 ratio for 
independeut inheritauce of the factor pairs and 

The Fi seeds were sown in 18-foot rows 1 foot apart, and spaced 
about 3 inches apart in the rows. Because of the presence of lethal 
seedlings in the F 2 population, the plants were harvested in two lots, 
the competitive plants, those growing adjacent to other plants in the 
rows being harvested separately. The remaining plants, the non¬ 
competitive plants, with blank spaces adjacent to them, were also 
harvested separately. The presence of blanks in adjacent rows was 
not considered. After the growth data were obtained, 50 seeds from 
each Fa plant were sown in moist sand, and the F 2 genetic constitution 
of the plants determined from Fg seedling numbers. 

EXPERIMENTAL RESULTS 

A comparison was made of both the pure green (Ac^Ac^) and the 
heterozygous green and white (Ac^a^^) ¥2 plants in both the competitive 
and-the noncompetitive groups. The plants were harvested and the 
measurements made during the winter of 1934-35. Fifty seeds from 
each plant vrere grown in the greeifixouse to determine the genetic 
coEstitulioE of the plants for the seedling factors. The plants, were 
then grouped according to their genetic constitution, and the data 
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analyzed. The results obtained from the green plants of the genetic 
constitution Ac^Ac^ and from the green plants heterozygous for the 
genetic factor pair AcyHc^ are given in table 3. 

In the competitive plants no significant differences were found 
between the green and heterozygous plants. In the noncompetitive 
plants the same trend was found. The only significant difference 
was in the average length of culm, which, however, was in favor of 
the heterozygous plants. Since the trend was the same in both com¬ 
petitive and noncompetitive plants, only competitive plants were 
used in the study of the other factor combinations. 

Table 3 .—MeasxiremenU of plant characters in Colsess II plants grown at Fort 

Collins, Colo. 


Characters studied 


Competitive plants: 

Culms per plant, num¬ 
ber. 

Average length of 

culm, centimeters. 

Average length of head, 
centimeters. 

Total grains, number.. 

Total weight of grain, 
grams. 

Noncompetitive plants: 

Culms per plant, num¬ 
ber. 

Average length of 

culm, centimeters. 

Average length of head, 
centimeters. 

Total grains, number. . 

Total weight of grain, 
grams. 


Segregation 

Plants 

Mean 

Stand¬ 

ard 

error of 
mean 

r Green. 

1 Heterozygous- 

Number 

150 

5.1533 

0.1391 

168 

5.3512 

.1375 

/ Green. 

iHeterozygous. 

150 

62.5933 

.4709 

168 

63.0476 

-4566 

f Green. 

150 

6.8533 

.0532 

(Heterozygous. 

168 

6.7530 

-0521 

(Green. 

150 

210.3300 

5.8412 

{Heterozygous- 

168 

205.3600 

5.6002 

f Green. 

{Heterozygous- 

150 

6.3200 

.1889 

168 

6.1518 

.1613 

r Green. 

(Heterozygous. 

115 

5.8609 

.1905 

157 

6.0064 

.1738 

f Green. 

115 

61.5000 

.5543 

{Heterozygous. 

157 

63.0032 

.4972 

(Green. 

{Heterozygous. 

115 

7.0239 

.0660 

157 

6.9952 

.0562 

/Green. 

{Heterozygous- 

115 

240.2200 

7.9739 

157 

247.2900 

7.4063 

/ Green. 

{Heterozygous. 

115 

7.6630 

.2507 

157 

7.9443 

.2405 


Differ¬ 

ence 


Stand¬ 

ard 

error of 
a dif¬ 
ference 


}-h0.1979 
+.4543 
} -.1003 
}-4.97 

I -. 1682 

I j +. 1455 
j-f 1. 5032 
I -. 0287 
|-f-7.07 
I +. 2813 


D/S. E. 
of dif¬ 
ference 


S. E. in 
per¬ 
cent¬ 
age of 
mean 


Percent 

0.1956 i 1.0118 j{ |«| 

.6290 i{ 

1.3483 |{ 

614*> / 

.014., { 2.7270 

1 2.6 


.6559 

.0745 

8.0920 

.2484 

.2579 
.7446 
.0867 
10.8828 
.3474 


.6771 


.5642 
2.0188 
.3310 
.6497 
.8097 


!. 6220 


3.2504 
2.8936 
.9013 
.7892 
.9396 
.8034 
3.3194 
2.9950 
3.2716 
3.0273 


GREEN VERSUS YELLOW SEEDLINGS (XcXc) 

Crosses involving Colsess IV (XcTc) were used in the study of green 
versus yellow seedlings. Table 4 gives the summarized data for the 
characters studied. The average length of head is the only one of the 
characters studied in the plants heterozygous for green versus yellow 
seedling color significantly different from the same characters in the 
homozygous green plants. 

GREEN VERSUS WHITE SEEDLINGS (A.ac) 

Heterozygous green plants (A^c) and homozygous green plants 
{AcAf) were compared in crosses involving Colsess I. The data 
obtained from this study are also tabulated in table 4. None of the 
characters examined in the heterozygous plants differs statistically 
significantly from the same characters in the homozygous green 
plants. TMs indicates that the seedling factor pair Ayic^^ which 
produced green and white seedlings in Colsess I, is not detrimental 
to the growth of green plants having the genetic sonstitution Acac> 
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Table A.—Mensnrenicnfi^ of plant characters in crosses invoicing Colsess IV and 
Culn-ss I {comlidilive plants), grown at Fort Collins, Colo. 


---- - 


i 


Stand¬ 

ard 

error of 


Stand- 


S. E. in 

Churaiiers studied 

Segregation 

i 

1 Plants 

Afean 

Ditfer- 

ence 

ard 

error of 
a dif. 

D/S. E. 
of dif¬ 
ference 

per¬ 
cent¬ 
age of 



1 


mean 

1 

ference 


mean 


I 

! Number 


0.1856 
.1368 




Percent 

Culms per plaut, num¬ 
ber. 

(Green. 

! Heterozygous. 

104 
! 219 

O.730S i 
5.5708 

l-0.1600 

0.2306 

0.6938 

/ 3.2386 

1 2.4557 

Average lengtii of 
culm, centimeters. 


1 104 

62.3846 1 

.6201 

j. +.8323 

.7261 

1.1463 

f .9940 
( . 5975 

i Heterozygous.! 

219 i 

63.2169 1 

. 3777 

Averu'ie lensath of liead. 

(Green- ! 

104 

G-28S5 ! 

. 0609 

1 +.4592 

.0841 

5.4602 

( 1.0638 

centimeters. 

1 Heterozygous-! 

; 219 

6. 7477 

. 0510 

i . 7558 


' 104 

207.2100 

7.3518 

1+10.2558 

9.0260 

1.1363 

/ 3. 5480 

1 otui grams, nunujer.- 

'i Heterozygous-1 

219 

[217.4700 

5.2364 

\ 2.4079 

To*al weight of grain, 1 


104 

6. 7500 

. 2280 

j- -.0068 

.2841 

.0239 

/ 3.3778 


1 .1696 

i 2. 5151 

uTaias, 1 

iHeterozygous.' 

219 

6.7432 

L»)he>sl: ^ 






i 



t ’uims per nliuil. rium- ’ 

(Green- i 

104 i 

5,730S ! 

. 1856 

1+0.2317 

.2269 I 

1.0212 

r 3.2386 

i)er. 

1 Heterozygous. 

: 160 

5.9625 

.1305 

1 2.1887 

Average lengtii of | 

(Green—.-1 

1 104 

62.3846 

. 6201 

1+1.6904 

1.7937 

2.1298 

/ . 9940 

culir., centimeter.';. ; 

IHeterozygous. 

1 160 

64.0750 

.4954 

1 .7732 

Avemae length of head, i 

(Green. 

1 104 : 

6.2885 

. 0f)69 

1 +. 1490 

.0872 

.7087 

f 1.0638 

(•entimeters. 

t Heterozygous- 

i 160 

1 6.4;i75 

.0560 

\ .8699 

Total grains, nuniher.. 

(Green. 

/Heterozygous. 

1 104 

! 160 

1207.2100 
:216.2500 

7. :^518 
5.5300 

}+».04 

9.1995 

.9827 

r 3. 5480 

1 2.5572 

Total weight of grain, 

(Green.— 

; 104 

: 6.7500 

. 2280 

j +.1438 

.2814 

.5100 

f 3.:I7T8 

LTaillS, 

j Heterozygous-- 

160 

1 6.8938 

.1649 

i 

1 2.;3920 


THE EFFECT OF TWO LETHAL FACTORS 

Tlie^ elfect of two letlial factor pairs when in the heterozygous 
(‘onditioii on the growth of plants was determined in families from a 
cross between Colsess II and Colsess IV. The factor pairs involyed 
in this cross are and XcXc. The data obtained from plants 

lieterozygoiis for both factor pairs are given in table 5. 


Table 5. —Measiireinenis of plant characters in competitive plants heterozygous for 
two lethal-factor pairs and XeXe or for the two linked-factor pairs Acttc arid 

XeXe 


Characters studied 


Segregation 


Acjctcs and Xcxr. 

Culms i«r plant, num¬ 
ber. 

Average iengih of 

eiilm, eentiiueter. 

A verage length of heat!, 
cMtimeters. 

Tfvtal grains, 

Total weight of grain, 
grams. 

u'La*. and XeXei 

Culms per plant, imm- 
l»r. 

Average length of 

cliiia, eentlrrieters. 

Average length of head, 
W'OUmeters. 

Total grains, naaiber,. 

Weight of grain i>er 
plant, -grams. 


Plants 


I Green_ 

iHeterozygous. 

f Green. 

\ Heterozygous. | 

jf Green. 

i'lHeterozygous. j 

/ Green....'.} 

! t Heterozygous. j 

j I Green- 1 

iHeterozygous-1 

f Green.. j 

'i Heterozygous. 

I'Oreen. 

iHeterozygous- 

/ Green. 

\ Heterozygous- 

/Green. 

IHeterozygous. 

(Green. 

IHeterozygous. 


Number 

150 

91 

1^1 

91 

3f*0 

91 

150 

91 

150 

91 

104 i 

104 * 

104 i 

104 

104 

104 

104 

104 

104 

UH 


Mean 


5.1533 
5.5165 
62.5933 
60.3571 

6,7445 
210.3300 
!20S.7900 
6.3200 
6.6.346 

5.73(® 
6.1442 
62.3S46 
63.3077 
6.2865 
6.7212 
207.2100 
^9400 

6.7500 

7.7500 


I 


Stand¬ 
ard Differ' 
error of ence 
mean 


f 


Stand¬ 

ard 

error of 
a dif¬ 
ference 


0.1391 
.1949 
.4709 
. 5774 
. 05:52 
.0824 
.5.8412 
8.8100 
,1889 

.1856 

.2048 

.6201 

‘6493 

.0728 

7.3518 

8.6390 

.2280 

.2632 


!|+0.3632 
I-2,2362 
I -Am 

|-1..54 
j +.3i4r» 

1} +.4134 
1} +.9231 
j +.4327 
lj-i-31.73 
+1.0000 


0.2394 
. 7451 
.0981 
10,5705 
.3246 

.2764 
.8978 
.0989 
11.3440 
,3483 


D/S.E. 
of dif¬ 
ference 


1.5171 
3.0012 
1.1091 
.1457 
. 9692 

L 4957 
1.0282 
4.3751 
2.7971 
2.8711 


S. E. 
in per¬ 
centage 
of mean 


Percent 
r 2.6992 
L 3.5330 
f .752:1 
\ . 9561) 
f .7763 
I 1.2217 
i 2.7772 
\ 4.'2196 
/ 2.9889 
i 3.9791 

f 3. 2386 
1 3. 3332 
f 0.9940 
1 1.0256 
f 1.0638 
i 1.0831 
/ 3.5480 
1 3. 6156 
I / 3.3778 
i ;i396l 
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With the exception of the average length of culm, none of the dif¬ 
ferences between the characters studied in homozygous green plants 
and plants heterozygous for both factor pairs is significant. The 
green plants seem to have a liiglier average length of culm than the 
heterozygous plants. However, the general indications are that two 
lethals in the heterozygous condition are not detrimental to the growth 
of plants as indicated hj the measurements of the number of culms, 
average length of head, total number of grains, and total grain weight. 

A study of the linked genes in Colsess IV and Colsess I was made in 
the plants heterozygous for both of the factor pairs and Acdc- 
The data obtained from this study are also given in table 5. 

In the study of the above-mentioned characters, it was found that 
all of the plants surviving in Fo were heterozygous for both factor 
pairs. As the linkage of the factor pairs AcOe and XcXc shows less 
than 4 j)ercent crossing over,*' one would not expect any green plants 
in the small number of competitive plants studied. This made it 
impossible to compare the heterozygous plants with homozygous 
green plants of the same family. However, green plants from the 
families segregating for the single factor pairs Xc^c and Apic were 
used. The data in table 5 show significant differences in favor of 
the heterozygous plants for the folio .ving characters: Average length 
of head, total number of grains per plant, and total weight of grain 
per plant. The variabihty of the green and heterozygous plants is 
uniform for the same plant characters. This is indicated in the 
column headed S. E. in percentage of mean. A similar procedure was 
used in studying the relationsliip in the nonlinked factor pairs XcXc 
and except that some green plants from the families segregating 

for both factor pairs were used. The discrepancy can hardly be 
explained on the basis of blank spaces in the adjacent rows since 
the same ratio of 9 green to 7 lethal seedlings was obtained in both 
families. The results indicate, as in the case of the nojffinked genes, 
that there is no detrimental effect of two lethal genes in the hetero¬ 
zygous condition on the growth characters studied in Colsess. 

DISCUSSION 

The data presented show less difference betw'een the competitive 
and noncompetitive plants than was found in the previous study 
The same lack of detrimental effect is evident in both cases for the 
factor pair Acdc found in Colsess I. 

The apparent difference in favor of the plants heterozygous for 
both the factor pairs AcOc and AWv cannot be explained on the basis 
of the presence of lessened competition due to blank spaces in the 
adjacent rows since this condition was also present in the plants used 
for the study of the effect of the factor pairs Ac.y-ic^ and which 
are not linked. In the latter case no significant difference was found 
between the green plants of the genetic constitution (XcXc) 

and the above-mentioned green Fo plants of the genetic constitution 
If the difference had been due "to blank spaces in 
the adjacent rows the same difference should have been obtained in 
both families studied since the percentage of blank spaces was the 
same. 


^ Robertson, D. W. See footnote 3. 
5 Robertson, D. W. See footnote 2. 
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There is a possibility that the difference may be due to the recom¬ 
bining of dominant-growth genes linked with the lethal-factor pairs 
ill Colsess I and Colsess IV. 


SUMMAEY 

The effects of the lethal seedling-factor paii’s Ac<^ic, found in Col¬ 
sess I, Ae^ac^i found in Colsess II, and XcXcj found in Colsess IV, were 
studied as single heterozygotes in different plants and in combina¬ 
tions of double heterozygotes in different plants on the following 
mature-plant characters: Number of culms per plant, average length 
of culm per plant, average length of head per plant, total number of 
grains per plant, and total grain weight per plant. 

Colsess 1 (Acdc) produced green and wliite seedlings in a 3 : 1 ratio. 
Colsess II (Ac^Uc^) also produced green and white seedlings in a 3 : 1 
ratio, but is different genetical y from Colsess I. Colsess IV (Xc^c) 
produced green and yellow seedlings in a 3 : 1 ratio and is linked to 
the factor pair (Acac) in Colsess I. 

No detrimental effects were found when plants of Colsess I, Col¬ 
sess II, and Colsess IV in the heterozygous condition were compared 
with homozygous green plants of the same families. 

No detrimental effects were found in the characters studied when 
plants containing the factor pairs (X^Xc) double hetero¬ 

zygotes, were compared with pure green plants of the same families. 

A similar lack of detrimental effect on the characters studied was 
found when plants containing the linked-factor pairs (X^xJ (Acac), 
double lieterozygotes, were compared with related green plants from 
the same cross. 



SOIL-TEMPERATURE STUDIES ON FLORIDA CIGAR- 
WRAPPER TOBACCO ' 

By R.ANDALL R. Kincaid, associate plant pathologist^ and L. 0. Gratz, plant 
pathologist in charge^ North Florida Substation of the Florida Agricultural Experi¬ 
ment Station 

INTRODUCTION 

Numerous studies have been made to determine the effect of 
temperature on the growth of certain varieties of tobacco {Nicotiana 
tahacum L.), and on the development of certain diseases of this host. 
Several workers have studied the relation between soil temperature 
and germination of tobacco seed. Kincaid {8y foimd that the cardinal 
temperatures for the germination of Florida cigar-wrapper tobacco 
seeds are approximately 10^, 24°, and 34° C. 

The extent to which the growth of tobacco plants is affected by 
soil temperature apparently has received little attention. Johnson 
and Hartman (J) reported that wliite burley plants grew very little 
at temperatures below 13° C., best at 29° or 31°, and poorly at 40°; 
they noted that at the optimum temperatm^e the plants grew low 
and stocky with broad but rather pointed leaves, while at tempera¬ 
tures near the maximum the plants w’-ere tall and spindly with short 
and rounded leaves. Godfrey {2), who also experimented with w^hite 
burley tobacco, reported that there was a imiform increase in growth 
at temperatures from 10° to 25°, and some growth at 38°, the highest 
temperature which he used. 

The effect of soil temperature on the development of certain soil- 
bome diseases of tobacco, especially black root rot, has received 
considerable attention, as is showm in a review by Jones, Johnson, 
and Dickson (7). These writers have also presented a valuable 
discussion of the relation of soil temperature to plant disease, making 
further discussion of tliis subject unnecessary here. 

Tisdale and Kelley {10) made observations on the relationship 
betw^een soil temperature and the development of black shank caused 
by PhytopMhora parasitica var. nicotianae Tucker. They reported 
that plants transplanted early remained free of the disease for a few 
wrecks, until the mean daily temperature of the soil reached about 
20° C., and that the temperature during the remainder of the season 
never rose too high for infection 

The cardinal temperatures for the growth on culture media of a 
strain of the black shank Phytophthora isolated at the North Florida 
Experiment Station are approximately S°, 30°, and 36° 0., accordmg 
to data reported by Tisdale and Kelley (10) and Tucker (11), 

Black shank is the most important disease of tobacco in the district 
of northern Florida and southw^estem Georgia wrhere cigar-wrapper 

1 Received for publication May 13, 1935; issued December 1935. 

3 Reference is made by number (italic) to Literature Cited, p. 449. 
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tobacco is grown imder shade. This disease was first identified in 
the Fiiited States by Tisdale (.9) in 1922,, and by breeding and selec- 
lion he produced varieties of cigar-wrapper tobacco highly resistant 

loit. 

The object of the investigation reported below was to determine 
the cardinal soil temperatm^es both for the development of the 
Idack shank disease and for the growth of Florida cigar-wrapper 
tobacco plants. Some observations were made on the relation of 
soil temperature to the development of black shank in the field. 

APPARATUS, METHODS, AND MATERIALS 

The apparatus used in these studies for the control of soil tem¬ 
perature was similar to that described by Camp and Walker (/). It 
(‘onsisted of eight compartments filled with water. Each compart¬ 
ment acconiinodated eight cans of soil, and the level of the^ water 
outside the cans was about the same as the level of the soil inside the 



Figuee L— EtTect of constant soil temperatures {indicated on the cans) on the growth of tobacco plants 
of the Hound Tip variety; see table 1, trial 2. 


cans. An agitator in each compartment kept the water in continuous 
circulation. The compartment at one end of the apparatus was 
cooled by means of a thermostatically controlled refrigerator, and the 
compartment at the other end was heated by means of thermostati¬ 
cally controlled electric heaters of the iimnersion type. The other 
six compartments adjusted themselves to a series of intermediate 
temperatures, differing by 3° to 5 ®. 

The cans (fig. 1 ), made of galvanized iron, were 8 inches in diameter 
and 22 inches deep, and had a capacity of about 4 gallons of soil. 
They were brought to ecpial tare by the addition of coarse gravel, 
and the same weight of moist soil was added to each. 

The soil was a fine sandy loam having a pH value of about 5 . 2 . 
The fertilizer used w'as composed of 100 pounds of cottonseed meal, 
10 pounds of precipitated bone, and 15 pounds of sulphate of potash, 
and analyzed S percent NHs, 8 percent P 2 O 5 , and 5 percent K 2 O. 
It was applied at the rate of 5 oimces per 4-galloii can. Before the 
fertilized soil was used in these experiments, it was heated in an 
o%"en for about 6 hours at 60° to 70° C., or for about 2 hours at 80° 
to' 90'°, to. destroy the black shank fungus and root knot nematodes. 
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The water-holding capacity of the soil was determined by the Hilgard 
(4) method, and the moisture content drying samples in an oven 
at 105°. The initial water content of the soil in the different trials 
varied from 14 to 19 percent of the dry weight, or from 32 to 40 
percent of the water-holding capacity. In the first two trials, the 
water content of the soil in the coldest compartment increased to 
about 25 percent of the dry weight as a result of the condensation of 
atmospheric moisture on the cold inner surface of the cans. How¬ 
ever, the appearance of the plants in the cans was normal, and the 
difl‘erence in the moisture content of the soil was not believed to be 
of much importance. A 1-inch layer of coai‘sely granulated cork was 
added to the top of the soil after the plants had been transplanted, 
for the purpose of insulation. 

The temperatures observed in the soil at a depth of 4 inches seldom 
varied more than 1° above or below the average temperatures re¬ 
ported in the tables. The mean daily temperature of the greenhouse 
in which the apparatus was located ranged from 23° C. in one trial 
conducted in midwinter to 29° C. in another trial conducted in early 
summer, and the daily range was generally between 10° and 15°. 
Conditions in the greenhouse during all trials were favorable for the 
growth of tobacco plants. The cans w^ere w^eighed once a week, and 
sufficient tap water was added to the soil once or twdce a w'eek to 
restore them to their original w'eight, but no allowance wais made for 
the w^eight of the plants. 

The plants used in these experiments w’cre of the variety No. 301, 
which is resistant, and Round Tip,'^ w’hich is highly susceptible to 
black shank. No. 301 wms developed at this station by Tisdale 
and Round Tip was developed in Connecticut b^^ Hayes, East, and 
Beinhart and by Jones (d, 6). Seed plants had been self-pollinated 
for several successive generations, and the seeds used were probably 
pure lines. The seedlings were growm in Hats of sterilized soil. 
They w^ere carefully selected for uniformity of size and color, and one 
seedling was transplanted to each can. The height of the plants at 
the time of transplanting wms about II 2 inches. 

THE CARDINAL SOIL TEMPERATURES FOR THE GROWTH OF 
TRANSPLANTED TOBACCO SEEDLINGS 

Several trials w^re conducted to determine the cardinal soil tem¬ 
peratures for the growdh of cigar-wu’apper tobacco plants for a period 
of a few^ weeks after transplanting. These temperatures may be 
defined as follow's: Alinimiim, the lewdest temperature at which growth 
occurs; optimum, the temperature at wdiich the most growdh occurs; 
maximum, the highest temperature at wliich growTli occurs. 

A few' days after the seedlings had been transplanted, the cans 
w'ere placed in the tanks and brought to the various constant teiiipera- 
tures. After a certain period of gimvth, observations were made on 
the plants as follow^s: (1) Height from the soil to the terminal bud, 
(2) length of the longest leaf, (3) number of leaves longer than 1 

Both of these 'varieties may be classified under type 62,^ which comprises southern shade tobacco grown 
for cigar wrapiiers. 

4 United States Department of Agriculture, Bureau op Agricultural Economics, standard 

GRADES FOE SOUTHERN SHADE TOBACCO '.U. TYPE 62). 15 pp. 1933. { MimeOgrapheri.] 



444 


Juurml of Agricultural Research 


Vol. 51, no. 5 


inch, and (4) the green iveight of the plants. Measurements of 
ereeii "ireisht 'srere made only on the plants of No. 301 j the Round 
Tip plants were used for the studies on black shank. 

A preliminary trial was conducted with Round Tip plants to obtain 
an indication of the limits of temperature for growth. Because of 




Figure 2. -Effect of various constant soil temperatures on the growth of tobacco plants of the Round Tip 

variety: A, Trial 1; B, trial 2, 


mechanical difficulties incidental to the adjustment of the refrigerator, 
the control at the cold end of the appara|us was poor. However, it 
was evident from the results that the minimum was slightly below 
the lowest temperature used, 16° C. and below, and that the maximum 
was approximately 40°. 

Three other trials with Round Tip and two trials with no. 301 
plants w^ere conducted. The average measurements of the plants 
in these five trials are given in table 1. The growth of Round Tip 
plants in trial 2 is shown in figure 1 ; the plants selected for the photo¬ 
graph were those which best illustrated the average measurements of 
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the plants grown in the respective compartments. The growth of 
the plants in trials 1, 2, 4, and 5 is shown graphically in figures 2 
and 3. 

These results indicate that the minimum temperature for growth of 
transplanted seedlings of both Eound Tip and No. 301 is about 9° C., 



Figure 3.— Effect of various constant soil temperatures on the growth of tobacco plants of variety No. 301: 

A., Trial 4; B, trial 5. 

and the maximum about 40^. The optimum was not very closely 
defined, because the best growth, as indicated by the measurements, 
was distributed over a range of temperatures from 24%^ to 32°. 

The minimum for the growth of transplanted seedlings corresponds 
closely to the minimum for the germination of seeds of No. 301 (8) 
but the optimum and maximum are somewhat higher. 
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'I' 1.— J'jjicl I'f rncioiiii ciiiistfiiil soil leiiiperniui'i'S on the growth of iobdcco platiLs 

of the Roiiuii Tip ami Xo. 301 varieties 


Variety 


R’ i Tip, 


(In. 


li i_ (!ik 


! 

3 : \o ;W!. 


Period 
of ohi?er- 
vation 

1 

Soil ; 
temper- j 
ature 

Fhnts 

Average 
height 
of plants 

Average 
length 
of long¬ 
est leaf 

Average 
number 
of leaves 

Average 
green 
weight 
per plant 

Laijs i 

® a 

Xumber 

Inches 

Inches 


Grams 


12 


3.3 

10.1 

8.7 



m 

1 0 

10.7 

13.9 

14.0 



20 

1 0 

10.7 

13.3 

14.0 



24 


11.0 

13.5 

15.0 


4< A 

•).7 


12. S 

14.0 

16.4 



30 


12.8 

13.7 

16.0 



34R« 

i 

9.6 

11.3 

14.0 


j 

38.1 ;i 

7 

6.0 

8.6 

10.7 


! 


7 

1.3 

7,3 

4.4 



15 


7.1 

13.0 

10.8 



20 

7 

11.1 

15.1 

12.8 


«i| 

241 

7 

14.0 

US. 1 

13.3 


28« 2 


13.9 

17.3 

12.7 


j 

321. 

7 

12,8 

17.1 

11.8 



37 

t 

2.3 

7.9 

4.6 


! 

2 40 ^ 

7 

1.8 

1.9 

1.4 



101.> 

1 

9.5 

8.5 

11.0 


i 1 

If) 

1 

17.0 

12.5 

17.0 



20 

1 

18.5 

13.5 

18.0 


1 ..fi 

241 .. 

! 1 

18.5 

14.5 

17.0 



28 

1 1 

21. 5 

1 14.0 

20.0 


i i 

311 L' 

1 

1 21..') 

i 13.0 

18.0 


1 i 

35 

1 

1 13.5 

1 10.5 

13.0 



3sV 

1 

4.0 

I 4.5 

5.0 

. 


0 

7 

i 1.5 

1 2.8 

2.4 

2.4 

i 

liv 

7 

• 1.3 

i 3.3 

3.0 

2.9 


101 -J 

! 7 

1 2.7 

: (J. i 

7.7 

16.1 


211-. 

i 7 

1 A 3 

! 8. l 

9.7 

I 27.6 

1 H! : 

■ 20* 

i ~ 

! 6. 1 

j 9.5 

n.i 

1 42. 1 

i 

30 

; 7 

5. 6 

j 8.7 

10.7 

33. 3 

1 1 

341 •> 

i 7 

' 5.1 

1 7.9 

9.9 

25.7 

i 

39 

i 7 

3.4 

: 4.9 

7.1 

9.3 


n 

i 8 

1.8 

3.9 

4.4 

3.9 


10 

7 

3.3 

i 6.4 

6.6 

10.0 


20 


3.6 

' 6.8 

7.0 

1R7 

1 

241.. 

j 7 

i 4.8 

i 8.0 

7.6 

17. 0 

1 Jl ! 

2SV. 

7 

: 5.1 

! 8.3 

7. 6 

15.3 


32 


5.2 

i 7 7 

7.9 

16. 0 


361- 

! 7 

1 3.4 

1 4 ! 9 

0.4 

7. 3 

' j 

240'.. 

S 





1 








■ i pLiru acfadeni'.illy killed. - Plants nearly dead. j' All plants dead or dying. 


EFFECT OF CONSTANT SOIL TEMPERATURE ON THE 
DEVELOPMENT OF BLACK SHANK 

Four trials were conducted to determine the card.inal soil tempera¬ 
tures for the development of black shank caused by Phytophthora 
parasitica var. iiicotiariae Tucker (11), These temperatures may be 
defined as follows: Vlinimmii, the lowest temperature at which symp¬ 
toms of the disease appear; optinuim, the temperature at which symp¬ 
toms of the disease appear in the largest percentage of the plants 
within the shortest time after inoculation; maximum^ the highest 
temperature at wMcIi symptoms of the disease appear. 

Seven transplanted seedlings of the Round Tip variety, which is 
very susceptible to black shank, were inoculatecl and incubated at 
each temperature for each trial. The fungus used originated from a 
single-«pore culture of Phytopthom isolated from tobacco at this 
station, and was grown on potato-dextrose agar or on steamed wheat. 
The fungus and tiie medium were mixed with the soil shortly before 
transplanting in two trials, ^ and placed in contact with the stems 
surface of the soil in two others. The amount of inoculum 
was the same ail 'cans of each experiment, and was evidentl}^ 
siiffieient in every trial to insure prompt infection at favorable tern- 
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pera^ures. One noninoculated check plant per compartment was 
left in each trial. 

The plants used in the first three trials were placed in the cans in 
blocks of soil in which they had been transplanted a few days previ- 
ouslyj so that the growth of the plants was not seriously interrupted. 
The plants used in the last trial were pulled and transplanted accord¬ 
ing to the usual field practice. 

The time wliich elapsed between inoculation and the appearance 
of the symptoms of the disease was carefully observed. Diseased 
plants were recognized by permanent wilting, generally followed by 
the blackening of the stem above the soil and cork. Stunting of the 
inoculated plants, as compared with the check plant at the same 
temperature, was often noticeable before the wilting; the checks 
remained healthy in every instance. 

The results of four trials with Kound Tip plants are given in table 2. 
That temperature has an important effect on the pathogenic activity 
of the fungus is shown by the number of plants infected and the time 
required for the appearance of symptoms of the disease. The mini¬ 
mum temperature varied considerably with the age of the plants, 
from 16^ C. or lower for newly transplanted seedlings to about 24 
for plants inoculated 41 or 47 days after transplanting. The opti¬ 
mum was approximately 28°. The maximum was near 34°, but was 
not clearly defined, for a few plants died apparently from the com¬ 
bined effects of black shank and unfavorably high temperature. 

Table 2. —Effect of various constant soil temperatures on the development of black 
shank in tobacco plants of the Hound Tip variety 


Trial 

No. 

Soil tem¬ 
perature 

Period of 
incuba¬ 
tion 
before 
inocu¬ 
lation 

Plants sho'vingr symptoms of black shank after indicated 
number of days 

4 

0 

10 

14 

15 

20 

40 


®C. 

Days 

Number 

Number 

Number 

1 

NumberlNumber 

Number 

Nu mber 


12 



0 



_ 

0 



16 



0 


1 

0 



20 



0 




0 



24 



0 



. 

2 

. 1 

1_ 

27 

>47. 

. 

•> 




6 

j 


30 



4 




6 

! 


34U 



4 




5 

1 


. 38U 



0 




1 






0 



0 




15 “ 



0 



0 




20 



0 



0 




24J'2 



0 



1 



2. 

28^5 

. 


6 



6 




321^0 



4 



1 




37 “ 



0 



0 




4U.| 



(i) 



(0 


:::::: i 


' lOUl 



0 




0 


16 " 




0 




0 


20 




0 




2 


i 24:1-2 




0 




6 

3_ 

28 

>0. 



5 




6 


313^2 




2 




6 

i 

35 




0 




0 

1 

383 o 




0 




0 


16 ” 


, - 

0 

0 

3 

3 




19 


0 

0 

3 

4 

5 




221/-. 


0 

0 

2 

5 

6 


1 

4 . 

2531 

28 

io- 

. 1 

1 

3 

4 

6 

6 

6 

6 

6 

6 


L-".; 


31C. 


0 

0 

3 

3 

4 




34 ' 


1 

1 

1 

1 

1 




1 37 

* 

0 

0 

1 

2 

2 

1 


. 

1 

1. 


1 Plants nearly dead at time of inoculation. 
32605—35 - 5 
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Tlie c4Teet of soil teiiiperatiire on the development of the disease is 
Ijrobahly due to the etfeet of temperature on the rate of growth of the 
fungus either saproplij^ticallv in the soil or parasitically in the tissues 
of the host. In fact, the cardinal temperatures for the development 
of the disease correspond somewhat closely to those reported by Tis-, 
dale and Kelley (10) and Tucker (11) for the growth on culture media 
of the pathogen isolated by Tisdale at this station. 

The number of plants available for observation in the experiments 
reported was limited by the capacity of the apparatus, but the general 
agreement of the results of the various trials indicates that the con¬ 
clusions are fairly reliable. The plants inoculated several weeks after 
transplanting (table 2, trials 1 and 2) were grown at the same tem¬ 
perature at Vhich they were held after inoculation. It is possible 
that the temperature at which the plants were grown had some 
influence on their susceptibility. This subject warrants further 
investigation. 

RELATION OF SOIL TEMPERATURE TO THE DEVELOPMENT OF 
BLACK SHANK IN THE FIELD 

The results of the experiments reported above, as well as those of 
Tisdale and Kelley (10), show that the temperature of the soil may 
jilFecd the activity of the black shank organism in the field. Some 
further field observations may be of interest here. 

Ill September 1932, Round Tip plants were transplanted in the trial 
plot at this station, where high percentage of the Round Tip plants 
in the check rows had died during the usual growing season which 
ended in July. These plants were still free from black shank when 
they were pulled for examination in November. This indicates that 
the pathogen had become inactive in the soil during the midsunmier 
months. No soil-temperature records for these months are available. 
The following season, Round Tip plants transplanted in the same field 
in March remained healthy for several weeks. The first wilted plants 
were observed about the first of May, when the soil temperature at a 
depth of 2 to 4 inches ranged from about 20° C. at night to 24° during 
the day. This agrees closely with the minimum temperature (24°) 
reported above for the development of black shank in Roimd Tip 
plants inoculated several w^eeks after transplanting. 

The problem of the survival, multiplication, and distribution of the 
black shank fungus xmder field conditions deserves further investi¬ 
gation. 

SUMMARY AND CONCLUSIONS 

Experiments w^ere conducted to determine the cardinal soil tempera¬ 
tures for the growth of transplanted cigar-wrapper tobacco seedlings. 
The minimum and maximum wrere found to be approximately 9° and 
40° C., respectively, and the optimal range from about 24)f to 32°. 

Experiments w^ere conducted to determine the effect of constant 
soil teniperatures on the development of black shank (Phytophthora 
purmitwa var. nicotianm Tucker) in Round Tip tobacco plants, which 
are very susceptible to the 'disease. The minimum temperature for 
infection wms found to vary considerably with the age of the plants, 
rtngmg from 16° C. or lower for newly transplanted seedlings to about 
24 ^ for plants in'Oculated several w^’eeks after transplanting. The 
optiintini about'28° and the maximum abo-ut 34°. 

Obwrvations on Mack shank'in the held indicate that soil temper¬ 
ature IS an important factor in the development of the disease. 
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THE DEVELOPMENT OF THE BARLEY SPIKE ^ 


By O. T. Bonnett 

Aiwciate in plant breeding^ Illinois Agricultural Experiment Station ^ 

INTRODUCTION 

A study of the morphological development of the barley spike has 
practical signifiicance for the agronomist and should be of interest to 
tlie botanist. From a study of the morphological development of the 
barley spike the agronomist can determine the critical period at which 
spike development may be affected b^^' the environment. Differences 
in the rate of differentiation and growth in early spike development 
give- a suggestion of the reasons for variation in the mature spike. 
Finally, the manner of the adjustment of the spike to environmental 
changes is indicated. To the botanist the development of the barley 
spike furnishes an example of the sequence of differentiation in a 
grass stem. 

Publications dealing with the development of the barley stem from 
germination to pollination are few. Two publications that deal with 
the development of the barley spike from the earliest stages to com¬ 
plete differentiation should be mentioned. Schuster- published a 
description and a set of drawings illustrating several steps in spike 
and spikelet development. More recently Noguchi^ has given a brief 
description of the spike and spikelet development and has illustrated 
some of the phases of development by drawings. He also gives data 
showing the length and breadth of the spike of 6-row and 2-row barley 
at different stages from 10 to 200 days old. 

The illustrations accompanying the above-mentioned publications 
are line drawings and hence present more or less diagrammatically 
what is shown in tliis article fey photographs. In addition, several 
stages of development are shown in this article that are not included 
by the above-mentioned authors. 

MATERIALS AND METHODS 

Both 2-row and 6-row barley were used in this study and the photo¬ 
micrographs that best showed the successive steps in spike and spike¬ 
let development were chosen without regard to type. This was 
justified since both types follow the same sequence of development, 
the onty exception being that the side spikelets of the 2-row barley 
do not develop as rapidly or as completely as the central spikelets. 

The plants were grown in pots in the greenhouse, and when they 
were 20 days old daylight was supplemented with electric light from 
500-watt bulbs placed about feet above the bench on alternate 
nights. These conditions of growth produced normal plants except 
that the electric light hastened the development of the spike. 

^ Received for publication Apr. 15,1935; issued December 1935. 

- Schuster, J. Cber die morphologie der grasblute. Flora [Jena] 100: 213-286, Ulus, 1910. 

3 Noguchi, Y. studien Cber die entwicklung der inploreszenzen und dee bluten bei getreide- 
PFLANZEN. Jour. Col. Agr., Imp. Univ. Tokyo 10: 247-303. illus. 1929. 
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At intervals of a. few days, plants were pulled, taken to the labora- 
fory, and the growing points dissected from the stem under the low 
power of a binociihu* microscope. Especially ground dissecting 
needles were used. The growing point wsls easily exposed and re¬ 
moved for photographing by carefully cutting and removing the 
leaves enclosing it. 

Photomicrographs were taken with an upright camera, adjusted to 
fit over one side of the binocular microscope. It was necessary to 
construct a special light-tight collar to connect the microscope and 
camera. The eyepiece was left in the microscope when exposures 
were made. 

Light for photographing was obtained from a microscope lamp 
fitted with a 200-watt bulb. A Florence flask filled with water con¬ 
taining sufficient copper sulphate to produce a light blue-green color 
was used as a condenser. This set-up gave a light of sufficient in¬ 
tensity to produce a good negative on commercial orthochromatic 
film with about 10 seconds’ exposure. 

At first great difficulty was experienced in making photographs 
because of the very rapid drying of the growing points. Later, the 
growing points when dissected were placed on moist blotting paper in 
a small preparation dish and stored in a Petri dish lined with wet paper 
towels. Jvtaterial handled in this wmy could be kept for 24 hours 
without any apparent deterioration. It was also found that speci¬ 
mens stored in the moist chamber for a period of time did not dry 
out as rapidly as those that had just been dissected. 

Two methods of mounting the growdiig points for photographing 
were used. In one the specimen was mounted on moist blotting 
paper over black paper placed in the bottom of a preparation dish. 
The preparation dish was covered with a watch glass for the pre¬ 
liminary manipulations and focusing and then the Ayatcli glass was 
removed for the ‘final focusing. The other methoiii was to place a 
drop of petroleum jelly on a glass slide, mount the specimen in the 
jelly, and then place the slide over a black velvet background. Both 
methods of mounting were satisfactory except that in using the latter 
method more speed was necessary to complete the photographing 
before the specimen dried. 

Growing points of barley are very difficult to photograph because 
they are colorless and nearly transparent. They were photographed 
against a black background with the light so placed that the high 
lights and shadows brought out the detail. In some cases in order 
to provide contrast, a stain composed of a mixture of 90-percent 
alcohol, a small amount of glycerin and basic fuchsin w^as applied to 
the specimen with a canieFs-hair brush. The alcohol quicldy evapo¬ 
rated, leaving the glycerin and stain in the folds of the various struc- 
tiiiTs. Since the red stain photographed black the details of the 
striietiires were clearly outlined. 

DESCRIPTION OF SPIKE DEVELOPMENT 

In the resting stage of the barle^r grain the stem of the embryo is 
compo:sed of onlv'a few structures. These are the coleoptile and*^first 
leaty which are the largest of the structures, the second and tliird leaf 
initials; the growing point, and a tiller bud in the axil of the coleoptile. 
The 'coleoptile and first leaf have been dissected from the embryo of 
the barley 'seed in plate 1, Ay to show the second and third leaf 




.4, A part of the embryo of a kernel of barley with the coleoptile ami first leaf remoTed: h, Second leaf; 

k, third leaf. X 21. 

Growing point of a barley stem in the 3-leaf stage: Seventh-leaf initial; In, twelfth-leaf initial; 
spike primordium. X 17, 

C, Growing point of a 6-row barley stem in the 4-leaf stage, showing double ridges marking the beginning of 

spike differentiation: /, Leaf initial; j, double ridge; f, tip of spike. X 25. 

D, Young spike of 6-row barley from a stem in the 5-leaf stage, showing the beginning of spikelet formation: 
s, Central spikelet; s', side spikelet; e, empty glume; si, spikelet initial; x, lo-wer of a double ridge; f, tip 
of spike. X 40. 

E, Spike of a 6-row barley stem in the 6-leaf stage when the lemma and anthers begin to form. Stain has 
been used to make clear the position of the spike structures: e, Empty glume; g, lemma; m, anthers; s', 
side spikelet. X 25. 

Ff A spike of 2-row barley from a stem in'the 6-leaf stage showing a more advanced stage of glume, anther, 
and awn development. Stain has been used to mark out the structures: a, Awn; un, anthers; g\ lemma of 
a side spikelet; e', and c, empty glume initials of the side and central spikelets respectively; f, tip of spike 
partially dried. X 25. 
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initials. The growing point, which is hemispherical, is partly enclosed 
by the third leaf initial. By carefully removing the second and third 
leaves the primordium of the fourth leaf can be seen as a transverse 
ridge of the growing point. 

By the time the second leaf is well grown nearly all of the leaves 
and leaf initials that the main stem will have can be found. The 
leaves range in size from those fully grown to leaf priniordia just 
distinguishable as ridges at the base of the growing point. At this 
stage of stem development the growing point has just begun to 
elongate in preparation for spike differentiation. Up to this time 
the growing point has been short and hemispherical. 

The growing point of a stem in the three-leaf stage is shown in 
plate 1, B. The leaves that enclosed this growing point ranged in 
size from the fully grown first and second leaves with the third leaf 
about 2 inches long down to the sixth leaf that was just large enough 
to enclose the growing point. The seventh-leaf initial is the basal 
one (pi. 1, jB, while the last prominent ridge (pi. 1, jB, is prob¬ 
ably the last leaf that the stem would have produced. Above the 
twelfth-leaf initial is the part of the growing point from which the 
spike is differentiated. 

The first indication of spike differentiation is the appearance of 
double ridges (pi. 1, C, x) instead of single ridges as was noted pre¬ 
viously. At first the ridges are nearly equal in size, but the upper 
ridge of each pair grows more rapidly and from it the spikelets are 
formed. The lower ridge of the pair probably becomes the internode 
of the rachis, for apparently all of the spikelet structures arise from 
the upper of the pair of ridges. 

Spikelet differentiation is fii'st indicated by the appearance of two 
slight depressions in the transverse meristematic ridge. The very 
earliest stages of spikelet differentiation can be noted in the two 
spikelet initials at the base of the spike (pi. 1, Z>), Growth occurs in 
both sides and between the two furrovrs in preparation for the differen¬ 
tiation of the spikelet parts. Soon two little papillae, or empty glume 
initials, appear on opposite sides of each spikelet (pi. 1, I), ef but 
they appear fii'st on the central spikelets. 

Several stages of spikelet development are shown on the same spilve 
(pi. 1, D). In the center portion of the spike the spikelet initials are 
quite prominent. The two transverse ridges at the base of the spike 
and some of the ridges at the top of the spike show only the first 
evidences of spikelet differentiation. The very tip of the spike is 
smooth and show’s little evidence of the formation of ridges, while in 
plate ly D, X, the low’er of a pair of ridges can be seen. 

The lemma is the first structure of the spikelet to differentiate 
(pi. 1, E, g). It appears as a distinct ridge across the spikelet initial 
and forms first upon the central spikelets in the central portion of the 
spike. Differentiation of the palea occurs somewhat later than that 
of the lemma, but since it is hidden by the other spikelet parts its 
development cannot be followed in gross dissections. 

Soon three little papillae appear upon the meristem above the 
lemma (pi. 1, E, an^ and F, an). These little papillae are the pri- 
mordia of the anthers. The pistil is formed from that portion of the 
meristem located betw'een the anthers, but it does not differentiate 
till considerably later than the anthers. The ovary differentiates 
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first, followed by the styles and last, the stigma, but no features of 
the differentiation of the pistil can be seen in gross dissections. 

A side view of a young spike of barley is presented in plate 2, A, for 
the purpose of showing an early stage in the development of the rachis. 
In the early stages the internodes of the rachis are very short, but as 
the spike matures the internodes elongate. The degree of elongation 
determines spike density, a character used in the classification of 
barley varieties. 

The awn begins its development as an outgrowth from tlie lemma 
(pi. I, F, a). The awns and anthers grow quite rapidly and togetlfer 
with the empty glumes are soon the most conspicuous of the spikelet 
structures (pL 2, B and C). The awn grows much more rapidly 
than the lemma and pale a, which remain short with the anthers 
extending above them. About the time the last internode of the stem 
begins to elongate the glumes begin their growth and finally enclose 
the anthers and pistil. It should also be mentioned that in barbed 
varieties of barley the barbs can he seen on the awn at an early stage. 

While the spike of barley shown in plate 2, B, was chosen prin¬ 
cipally to show the early development of the awn, it also shows the 
differentiation of a 6-row barley at the 6-leaf stage. A difference in 
development at the base and tip of the spike should be noted as well as 
the relative stages of differentiation in the side and centralspikelets. 

The relativ^e size and degree of development of the tip of the spike 
and the spikelets a little lower on the spike should be noted (pL 2, 
(7, f}. The very tip of the spike is at this stage a bit of undifferentiated 
nieristem, and the spikelets at the uppermost 7 or 8 nodes of the rachis, 
as contrasted with the spikelets below, are much retarded in develop¬ 
ment. As has been pointed out, in the early stages of development 
the tip of the spike remains undifferentiated and smooth in outline. 
As the spike approaches maturity spikelet differentiation proceeds 
apieally, but the last-formed spikelets never complete development, 
always remaining infertile and rudimentary. Rudimentary spikelets 
at the tip of the spike can be seen on any mature barley spike. 

At the base of the spike is a structure called the collar (pi. 2, D, 
c). This structure is a distinct ridge of tissue circling the stem at 
the fimt node of the spike. A similar but less prominent ridge of 
tissue is found at the fimt node above the collar (pi. 2, D, x), So far 
as has been determined in these studies, the collar and the ridge at 
the node above are formed by two leaf initials that are just beginning 
to differentiate but are not far enough along to continue their develop- 


EXPLANATORY LEGEND FOR PLATE 2 

Aj Spike of a 2-row barley stem in the &-leaf stage, showing the rachis and a side view of anthers, awns, and 
Side spikelets. Stajn has been used to mark out stmetures: an, Anthers; a, awn; s', side spikelet. X 30. 
M, A #-row barley spike from a stem in the 6-leat stage, illustrating awn development and the comparative 
development of side and centra! spikelets: a, Awn; an, anthers; s, central spikelet; s', side spikelet; t, tip 

of spike. X 25. 

C, Faxt of a barley spike from the stem of a 2-row’ barley in the 5-ieaf stage, showing the difierentiation of 
the tip of the spike; an, Anthers; e, empty glume; s', empty glume of side spikelet; s' side spikelet; o. 
awn; I, Up of spike. X25. v » » 

Fart of a spike from a stem in the ©-leaf stage, showing the collar at the base of the spike: c, Collar; r, 

»wud node of the rachis. X^. 

o| a barley: pe. Pedicel; s', side spikelet; style; e, empty glumes; an, anthers; a, awn. 

X W*/ ,' 

V barley: ir% Side spikelet;, empty glume; st, style; an, anthers; a, awn. X 15. 

i»tey:^r, Side spikdlet; an, anther. X 8. » 

^ Raehfe; la, lodieiiles; o, ovary; e, empty glumes; st, stigma; (t-fi, anther; 


' pblHnation: 

legend as for JA 
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ment as leaves at the time spikelet differentiation begins. They are 
arrested in their development and form the structures mentioned. 
While spikelets develop at the collar, they are late and usually rudi¬ 
mentary and sterile. 

A spike of a 2-row barley well advanced in its development is 
shown in plate 2, G. The awns on the central spikelets are well 
'eveloped but not fully grown and the anthers protrude well bej'ond 
tlie glumes. The side spikelets are small, without awns on the lemma, 

‘ nd rudimentary anthers extend slightly beyond the glumes. Much 

^ evidence are the empty glumes upon which the barbs can be seen. 
Barbs can also be seen on the awns. 

A spikelet of a 2-row' barley (pi. 2, E) and a spikelet of a 6-row 
barley (pi. 2, F) are shown for comparison. Both spikelets were 
taken from stems in about the same stage of development. The 
last internode of the stem, the one to which the spike is attached, had 
just begun to elongate. The anthers and stigmas in the spikelets of 
the 6-row and in the central spikelet of the 2-row barlej’ extend above 
the flowering glumes. However, just before the head emerges from 
the boot, the lemma and palea which up to this time have grown slowly 
begin to grow rapidly and soon enclose the anthers and stigmas. 
The anthers in the side spikelets of the 2-row barley have been enclosed 
by the flowering glumes. The side spikelets of the 2-row barley 
are much smaller than the central spikelet, are without awns on the 
lemmas, and are pedicellate. The side spikelets of the 6-row barley 
are nearly as large as the central spikelet, have awns on the lemmas, 
and are sessile. The side spikelets of the 6-row barley are fertile, 
while those of the 2-ro’w barley are sterile. The stigmas in neither 
have branched (pi. 2, i?, F, st). 

Mature floweis before pollination and after pollination are slunvn 
in plate 2, H, and plate 2, I, respectively. The lemmas have been 
cut away to show the flowrer parts. Only one anther can be seen 
(pi. 2, H). The other two anthers are hidden in the folds of the palea. 
Before pollination the anther is not dehisced, the stigmas are erect, 
branched, and feathery, the lodicules swollen and turgid, and the 
ovary small. After pollination the anthers are dehisced, the stigmas 
are collapsed, the lodicules are shrunken, and the ovary has increased 
in size. The fertilized ovary after a period of growth and differentia¬ 
tion becomes the barley kernel. 

Aside from the pistil and palea mentioned previously, two other 
spikelet structures, the rachilla and the lodicules, have not been fol¬ 
lowed in their diflPerentiation and development in tins study. They 
are so located that their differentiation and development cannot be 
showm. 

DISCUSSION 

That period in the morphological development of a head-bearing 
baiiey stem extending from germination to pollination can be divided 
into two phases. These phases can be determined approximately by 
examining the stem and more accurately by examining the growing 
point. In the first phase of development, the internodes of the stem 
do not elongate, leaves grow, leaf initials are the only structures 
differentiated from the growung point, and the growing point above 
rhe base remains smooth in outline but increases in length. The 
changes in the stem and the growing point which mark the transition 
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from tiie first to llie second stage are shown by the beginning of inter- 
node elongation in the stem and the appearance of double ridges on 
the arrowing* point. In the second phase of deyelopment, the inter- 
nodes of the stem elongate, the spikelets and spikelet structures differ¬ 
entiate, increase in size, and complete their development in prepara¬ 
tion for pollination. 

It is interesting to note how the phases of stem development of a 
barley plant parallel each other not only in those stems that produce 
heacls but in all stems even down to the tiller buds. When stems 
producing heads pass into the second phase, i. e., jointing and spike 
differentiation, it is not long before all stems on the plant follow in 
rapid succession. An examination of a plant in head shows even the 
growing point of the tiller buds to be in the process of spikelet differ¬ 
entiation. 

Very early differences in the time of differentiation and rate of 
spikelet development are maintained and are reflected in the mature 
spike. Referring to plate 1, Z?, E, and the early differences will be 
noted. The spikelets in the middle of the spike are in advance of the 
basal spikelets and the basal spikelets are in advance of the tip, which 
is the last portion of the spike to differentiate. The central spikelets 
are more advanced in development than the side spikelets in both the 
2-row and 6-row types. AU of these differences are reflected In the 
mature spike. The best developed and heaviest kernels are in the 
middle portion of the spike, the basal kernels next, and the tip ker¬ 
nels are the lightest of all. The kernels in the central spikelets of 
the 6-row barley are heavier than those in the side spikelets. While 
the spikelets progressively develop at the tip of the spik6, the spikelets 
remain rudimentary and do not bear kernels. Thus those spikelets 
that have an initial advantage in differentiation maintain this advan¬ 
tage throughout spike development. 

Since the number of spikelets at the joints of the racliis is fixed, 
response to the environment during early differentiation takes place 
principally at the tip of the spike. The barley spike is an indeter¬ 
minate inflorescence and does not terminate in a single spikelet as in 
wheat. Within limits a certain amount of response to growth con¬ 
ditions is made at the tip of the barley spike in the number of fertile 
spikelets. Some response can be made at the base of the spike, but 
the capacity for responding at this point is much more limited. 

Although the lemma differentiates before the awn, the awn grows 
more rapidly. It is not until well along in the development of the 
spikelet that the lemma and palea become long enough to enclose the 
anthers and other flower parts. A possible explanation for this be¬ 
havior is suggested by Kennedy ^ who states that in the spikelet the 
awn corresponds to the leaf blade and that part of the glume below 
tlie insertion of tlie awn may be regarded as corresponding to the 
sheath of the leaf. He also states that of the three parts of the leaf 
the sheath develops last by intercalary growth which pushes up the 
Hade. If the leaf parts and the spikelet parts are homologous as 
stated, then the slow growth of the lemma is in accord with develop- 
'/hiesi of the leaf sheath. 

the time that the anthers begin to differentiate, so far as the 

' SraCCTIjaES 'Of the C-iRYOPSIS of grasses with reference to their horphol- 

. U. S. Agr., Di'-’'. Ajgrostolc^y Bui. 19, 44 pp,, illus. 1899. 
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varieties used were concerned, no difference could be noted between 
a spike of a 2-row and a spike of a 6-row barley. As development con¬ 
tinues the discrepancy in the development of the central and side 
spikelets of the 2-row barley becomes more apparent. The side 
spikelets develop very slowly, remain rudimentary without awns and 
infertile. On the other hand, while the side spikelets of the 6-row 
barley are always slower in development than the central spikelets, 
they ffnally attain nearly the same size, have awns, and are fertile. 

SUMMARY 

A study was made of the morphological development of the spike 
of a 2-row and a 6-row barley by dissecting the growing points from 
the stems. Photomicrographs of the various stages are shown. 

Stem development from germination to pollination can be divided 
into two nhases in each of which the growth response of the stem and 
growing point are different. In the first phase the internodes of the 
stem remain short, the growing point produces only leaf initials, and 
the undifferentiated portion of the growing point elongates. The 
beginning of the second phase is marked by the elongation of the 
internodes of the stem and the appearance of double ridges on the 
growing point. In the second phase the internodes of the stem 
elongate and the spike and its parts differentiate and develop. 

The order of diflhrentiation of the various parts of the spike as far 
as could be seen in this study are: Spikelet initials, empty glumes, 
lemma, palea, anthers, awn, and pistil. 

Early differences in the time and rate of differentiation of the 
spikelets in the different parts of the spike are maintained and account 
for some of the variation in size among the spikelets of the mature 
spike. 

The barley spike is an indeterminate inflorescence, and with the 
nu.mber of spikelets at each joint of the rachis limited, some response 
to the environment can be made in the number of fertile spikelets at 
the tip of the spike. 




THE SEQUENCE OF APPEARANCE, MOLT, AND REPLACE¬ 
MENT OF THE JUVENILE REMIGES OF SOME DOMESTIC 
BIRDS' 

By D. C. Warren, poultry geneticist, and C. D. Gordon, graduate assistant, 
Kansas Agricultural Experiment Station 

PREVIOUS STUDIES 

Interest in the problem discussed in this paper was first aroused 
in the authors by the occurrence of a heritable variation influencing 
the time of development of some of the remiges (flight feathers) in a 
flock of White Leghorns. A comparison of the sequence of appear¬ 
ance of the remiges in the chick of a normal and mutant stock (known 
as ‘^ retarded led. to findings regarding the order of appearance and 
the number of molts of these flight feathers which were not in agree¬ 
ment with previous records found in the literature. While this work 
was in progress Dunn and Landauer {lY gave a detailed account of 
the sequence of replacement of the jhivenile remiges in the Silver 
Spangled Hamburg fowl which the writers were able to confirm 
in studies on W'hite Leghorns. A brief abstract of the data on 
the sequence of molt of the remiges in White Leghorns has been 
published (S). 

The observations were later extended to other domestic birds to 
determine whether the regular maimer of molt with respect to the 
members of the Qallus group but irregular with respect to the position 
of the feathers was found in other genera. 

The work of Dwight {2) and Heinroth (S) indicate that some 
variabihty occurs in the sequence of molt of the secondary flight 
feathers of difierent species of passerine birds. Stone (7) also found 
a considerable lack of agreement among smaller land birds as to the 
order of molt of the flight feathers. The description by Rice, Nixon, 
and Rogers (d) of the sequence and number of molts of the remiges 
in White Leghorns does not agree with the writers' findings. It 
should be kept in mind that most of the observations cited on molt 
in wild birds \Yere made on adults, whereas the present study is con¬ 
cerned primarily wdth the juvenile condition. The writers' studies 
indicate that the sequence of molt in gallinaceous birds differs some- 
wdiat in the juvenile condition from that reported by Marble {4) for 
the adult of Qallus dornesticus. Marble (5) found "it impossible to 
forecast the age at sexual maturity in White Leghorn females by the 
development of the primary wing feathers at 8 weeks of age. 

METHODS AND MATERIAL 

All of the species used in this study were a part of the stock carried 
at the Kansas Agricultural Experiment Station. As is indicated in 
the tabular data, the intervals between observations on the sequence 
of appearance and dropping of the remiges were varied in the different 

1 Received for publication Apr. 15, 1935; issued December 1935. Contribution no. 87, Department of 
Poultry Hu.sbandry, Kansas Agricultural Exj^riment Station. 

2 Reference is made by nunil>er (italicl to Literature Cited, p. 470. 
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forms. As experience was gained the interval could be lengthened 
vitli less danger of confusion between new and old feathers. The 
use of dyes on the tips of the remiges aided in the recognition of the 
various niolts. Tliis is especially desirable in the early adult stage 
when members of three different sets of remiges may be present at 
one time. 

In identifying the various remiges they were numbered mterioiiy 
in the primaries and posteriorly in the secondaries. The writers have 
followed the lead of the poultrymen and called the first feather 
posterior to the primaries the axial rather than the first secondary. 
Its small size and distinctive behavior in time of appearance and molt 
would seem to justify placing it in a separate category. Since the 
secondaries appear irregularly there may be some difficulty for one 
inexperienced in identifying the different remiges. However, a close 
examination of the skin in which the reiniges occur will usually solve 
the problem since the irregularly appearing axial and secondary no. 1 
may be seen while yet embedded in the sldn. The determination 
of the position of these two feathers will usually make it possible to 
identify accurately the. other feathers at an early stage. 

NUMBER OF REMIGES 

In the various species studied the number of primaries was more 
constant than that of the secondaries. The forms studied—Single 
Comb White Leghorn, Single Comb Ehode Island Red, and Light 
Brahma chickens {Gallus domesticus); Pearl guineas (Numida melea- 
gris); and Bronze turkeys (Meleagris gallopavo )—all showed 10 for 
the normal number of primaries. An extra primaiy was occasionally 
found in the various breeds of chickens observed. The eleventh 
primary occurred more frequently in the Light Brahmas and Rhode 
Island Reds than in the White Leghorns. 

There was considerable variabUity in the number of secondaries 
both among breeds and individuals of a breed. The more usual 
number in White Leghorns was 14, in Rhode Island Reds 15, in 
Light Brahmas 16, in guineas 14, and in turkeys 16. The inner few 
secondaries were so reduced in size that they were not sharply difl*er- 
entiated from the tertiaries. In most cases data were taken only 
on the first 12 secondaries. 

SEQUENCE OF EMERGENCE AND MOLT OF REMIGES 

SINGLE COMB WHITE LEGHORN 

The most extensive observations were made on Single Comb White 
Leghorns. Figure 1 shows the outline of the wing of an adult 
White Leghorn female indicating the numbers by which the remiges 
were identified in this study. Primaries nos. 1 to 7 and secondaries 
nos. 2 to 8 were usually present at hatching. Although they had 
grown several millimeters^ in length at time of hatching these feathers 
remained in their enclosmg sheaths for several days. Progressing 
anteriorly in the primaries and posteriorly in the secondaries the 
new feathers appeared regularly as the chick aged. The axial and, 
secondary no. 1 appeared late and there w’as considerable variability 
among individuals as to the age at which these feathers grew out. 
Figure 2 presents in graphic form the record of the mean age at which 
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the various remiges appeared and molted. Since the molted feathers 
were replaced immediately no distinction was made between time 
of molt'and replacement. 

The primaries which were not present at time of hatching appeared 
in very regular order at 10- to 14-day intervals. The intervals 
between appearance of the successive inner secondaries (nos. 
8 to 12) were less uniform but the sequence was regular. The 
secondary no. 1 did not appear until the chick was about 2 weeks of 
age or not until the approximate time of the appearance of the tenth 
secondary and eighth primary. The axial feather did not emerge 
from the skin until about 4 weeks of age. This was the approximate 
time at which the twelfth secondary and the ninth primary ap¬ 
peared. It will be noted from figure 2 that the axial appeared only 
slightly before the first primary (no. 1) was molted. 



FiGtjR® 1.—WiBg of a White I.ieghorn female showing system of numbering for the identification of the 
remiges. Only 12 secondaries are shown in this drawing. 


The First Molt 

Beginning with feather no. 1, molt in the primaries progressed 
anteriorly in a very regular order. The secondaries were also molted 
in exactly the same order in which they appeared, beginning with 
no. 2 and being dropped in a regular manner from the outside in, or 
in the reverse order of the primaries. The secondary no. 1 and the 
axial were dropped at a much later date. 

In practically all instances the corresponding flight feathers in the 
females appeared at a slightly earlier age than did those of the males. 
This was true of the molting of the remiges as well as of the time of 
their appearance. Since the number of secondaries was somew^hat 
variable the observation on growTh and molt included only feathers 
numbered 1 to 12. It is of interest to note from figure 2 that the 
time of emergence of the secondary no. 1 and the axial form a straight 
line with the series of the second set of primary feathers, the second¬ 
ary no. 1 being at the top of the line and the primary no. 10 at the 
bottom. The same relationship was observed to hold between the 
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second sccoiidury no. 1 and axial feather and the third set of pri~ 
maries. It is not Imown whether this agreement of the behavior of 
these two feathers and the group of primaries has any significance. 


Sequence of Juvenile and Adult Molt 

Marble ( 4 ) has published a detailed account of the order of molt 
of the remiges in the adult fowl. In some respects there are close 
agreements "of conditions found in the adult and the growing chick, 
while in other phases there is a rather wide divergence in sequence 
of molt. The first chick molt and the adult molt following a period 
of production agree in retention of the axial and secondary no. 1 until 



Figure 2.— Age at emergence and at molt of each remex of the White Leghorn. The upper outline of the 
graph indicates the age at which the remiges emerged. Those shown on the zero line were present at 
liatching. The lower gradations (diagonally lined) record the age at the time of molt of the remiges. 
The solid line is for females and the broken line for males. The space between the two solid or the 
two broken lines (of upper and lower graph) measures the period over which the feather was held 
before being molted. 

the molt of the primaries and remaining secondaries is practically 
complete. There is a disagreement in that the inner small secondaries 
are the first to be molted in the adult while they are the last of the 
series of secondaries to be dropped by the chick. In both the chick 
pid adidt the usual procedure in the primaiies is for them to be molted 
in regular order, beginning with the one (no. 1) adjoining the axial. 

In a group of indiyiduals of any one breed there was close agree¬ 
ment as to the age at which the various primaries and secondaries 
appeared and w^ere dropped. This fact is well brought out in table 1. 
The data for the entire group of White Leghorns, presented in this 
table, show that the limits of time over which they varied in molting 
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any one flight feather seldom exceeded 2 weeks and that most of the 
feathers were dropped within the period of a week. The greatest 
variability occurred in the late-appearing axial, secondary no. 1, 
the smaller inner secondaries, and the tenth primary. The original 
tenth primary was frequently carried throughout much of the first 
adult year. Such birds can be recognized by the narrow^, pointed, 
and much-curved appearance of this juvenile feather in the wdng. 
Marble (o) reported that pullets carrying the original tenth priniar}^ 
over into the first laj^ing year showed a tendency to mature at an 
early age. 


Table 1. —Age distribution for the emergence and molt of remiges in 15 White 

Leghorn females 



The Second Molt 

In Wliite Leghorns the usual procedure w’'as for only one complete 
molt of the flight feathers to take place before sexual maturity w^as 
reached. In some cases the first molt was not complete at maturity 
because of the carrj^-over of the original outer primary. In practically 
all males examined and in some females there occurred a second molt. 
This molt was usually started at about 5 or 6 months of age. The 
sequence was identical with that of the earlier molt beginning at 
primary no. 1 and secondary no. 2, progressing outw’ard in the pri¬ 
maries and inwmrd in the secondaries. As in the preceding molt, the 
first primaiy to be dropped w^as released a httle before the first 
secondary. In a group of 23 White Leghorn males studied, primary 
no. 1 w^as dropped in the second molt at the mean age of 23 weeks, 
secondary no. 2 at 27 weeks, primary no. 2 at 28 w'eeks, secondary 
no. 3 at 30 weeks, secondary no. 4 at 32 w^eeks, secondary no. 5 and 
primar}^ no. 3 at 34 wTeks, secondary no. 6 at 37 weeks, secondary 
nos. 7 and 8 at 39 weeks, and primary no. 4 at 40 WTeks. Observa¬ 
tions were discontinued at this age. Observations regarding the 
second molt were carried out on only a few females, but up to 36 
wyeks the molt had progressed as far as the fifth primary and the 
eighth secondary in some birds. The females were laying throughout 
this molt. In another group of 15 White Leghorns the second molt 
was started at 25 weeks of age, but the females showed no evidence 
of this molt at the ternrination of the observation when 34 weeks 
of age. 

:*.2<,505—35~-G 
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RHODE ISLAND REDS 

As is seen from figure 3, the general sequence of emergence and 
molt of the remiges in Rhode Island Reds was very similar to that 
in White Leghorns. However, there were fewer flight feathers pres¬ 
ent at hatching than in White Leghorns and considerabley more vari¬ 
ability as to the age at which the missing feathers appeared. Com¬ 
parisons of the time of emergence and molt of the remiges in the 
various breeds and species studied are shown in table 2. The rec¬ 
ords on the 20 Rhode Island Reds were taken at 1 day and at 2, 4, 
6, 8, 12, 16, 20, and 24 weeks. In the slower feathering individuals 
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FjGimE L-Age at emergence and at molt of each remex of the Rhode Island Reds. The upper outline of 
the graph indicates the age at which the remiges emerged. Those shown on the zero line were present 
at hatching. The lower gradations (diagonally lined) record the age at the time of molt of the remiges. 
The solid line is for females and the broken line for males. The space between the two solid or the two 
riroken lines (of upfier and lower graph) measures the period over which the feather was held before being 
1201 

of tlie Rhode Island Reds and Light Brahmas the covert feathers 
appear before the remiges and may cause some confusion as to time 
of appearance of remiges. The firfet molt, although following the 
same prder as in White Leghorns, was started and completed when 
the birds were about 6 weeks older. ^ In no case had the axial molted 
at 8 months of age, and in several birds the original secondary nof 1 
km mot molted at this age, which was near sexual maturity. Both 
pmaary nos. 9 and 10 were the original feathers in most of the males 
at 6 months of age. 
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Table 2. —Comparison of several breeds and species of domestic birds in respect to 
the mean age at which the first remiges appeared 


I White Leghorn i Khode Island Red- 

Female ]Male | Female | ]Male 


! 1.0 day! 1.0 day 1.0 day 1.0 day 

j 1.0 day! 1,0 day 1.0 day 1.0 day 

1.0 day 1.0 day 1.0 day 1.0 day 

! 1.0 day I 1,0 day 1.0 day 1.0 day 

! 1.0 day 1.0 day 1.0 day ,2 weeks 

1 1.0 day ! 1.0 day .5 weeks ,8 weeks 

I 1.0 day j 1.0 day 2.S weeks 2.5 weeks 

I 2.0 weeks i 2.0 weeks 2.8 weeks 3.0 weeks 

4.0 weeks j 3.8 weeks 5.3 weeks 6.0 week.s 

5.3 weeks 6.0 weeks 8.3 weeks 8.9 weeks 

4.0 weeks 4.3 weeks 6.5 weeks 7.2 weeks 

2.0 weeks 2,0 weeks 3.0 weeks 3.7 weeks 

1.0 day 1.0 day .3 weeks .8 weeks 

1.0 day 1.0 day 1.0 day 1.0 day 
1.0 day" 1.0 day 1.0 day .2 weeks 

1.0 day 1.0 day 1.0 day .3 weeks 

1,0 day" 1.0 day i .5 weeks .5 weeks 

i 1.0 day 1.0 day 1.5 weeks 1.8 weeks 

j 1.0 day" I 1.0 day 3.0 weeks 2.7 weeks 

1 .4 weeks | 1.0 weeks 3.0 weeks 3.S weeks 

j 1.9 weeks i 1.8 weeks 4.0 weeks 5.2 weeks 

! 2.0 weeks j 2.0w'eeks 4,5 weeks 6.5 weeks 

! 3.9 weeks 4.0 weeks j 5.5 weeks 9.8 weeks 



Light Brahma 2 

Bronze 

turkeyd 

Pearl guinea ^ 

Feather no. 

Female ^ 

Male® 

females 
and males ^ 

Female s 

Male® 

Primaries: 






1____-.- 

(?) 

(?) 

(?) 

(?) 

(?) 

(?) 

9 

(?) 

(?) 

(?) 

(?) 

3.... 

(?) 

(?) 

(?) 

(?) 

(?) 

4.... 

(?) 

(?) 

(?) 

(?) 

(?) 

5....... 

(?) 

(?) 

(?) 

(?) 

(?) 

6-.-.-.-. 

(?) 

(?) 

(?) 

(?) 

(?) 

T ^ 

2.6 weeks 

3.8 weeks 

(?) 

(?) 

(?) 

" 8..... 

4.0 weeks 

5.1 weeks 

(?) 

3.6 weeks 

3.7 weeks 

9. 

5.2 weeks 

6.8 weeks 

5.9 weeks 

4.0 weeks 

4.2 weeks 

10..... 

S.O weeks 

10.9 w"eeks 

7.7 weeks 

6.0 weeks 

6.0 weeks 

Secondaries: 







1 6.2 weeks 

6.0 weeks 

■ 5.0 weeks i 

i 4.0 weeks ' 

4.0 weeks 


! 4.6 weeks 

4.7 weeks 

4.9 weeks • 

(?) i 

(?) 

9 1 

j 2.4 weeks i 

2.9 weeks 

(?) j 

(?) 

! (?) 

?. i 

(?) 

2.9 weeks 

(?) 

(?) 

: (?) 

^ _____ i 

m 1 

(?) 1 

I 2.7 weeks ■' 

(?) I 

(?) 

(?) 


! (?) 

(?) : 

(?) ; 

(?) 

6 __ __ 


I (?) 

(?) 

(?) i 

(?) 

7 i 

(?) i 


i ('^) 

(?) 1 

V > 

S .. ___ - ... 

2.4 weeks 

1 3.1 weeks 

(?) 

(?) ' 

(?) 

9 ___ _ _ _ 

2.8 weeks i 

3,8 weeks 

i (?) 

(?) 

(?) 

10... . . ... 

4.0w'eeks 

4.0 weeks 

1 (?) 

1.5 weeks 

' 1.5 weeks 

11.. ...... 

' 4.0 w'eeks ! 

' 4.0 weeks 1 


2.0 weeks 

i 3.1 weeks 

12..... .1 

j 

1 4.4 weeks ' 

1 5.6 weeks 1 

1 (?) 

4.0 weeks 

1 4.2 weeks 

1 


1 White Leghorns examined at 1 day of age and at 2-week intervals thereafter to 24 weeks. 

2 Rhode Island Reds examined at 1 day of age and at 2-week intervals to 8 weeks and at 4-week intervals 
thereafter to 24 weeks. 

Light Brahmas examined at 2-week intervals to 8 weeks and at 4-week intervals thereafter to 24 weeks. 

^ Turkeys examined at 4, 6, S, and 12 weeks of age. 

® Guineas examined at 1, 4, 6, 8, and 12 weeks of age. 

«The interrogation marks indicate that the feather was present at time of first examination; thus in the 
guinea females primaries nos. 1 to 5 were present when the first examination was made at 1 week of age, 
but it is not known exactly when they emerged. 

LIGHT BRAHMAS 

Twenty-one Light Brahmas were examined for the development of 
the remiges at 2, 4, 6, 8, 12, 16, 20, and 24 w^eeks of age. Tlie 
females developed their various primaries at about the same age as 


Primaries 
1 _ 


3. 

4 

5. 

6 


8 .. 

9 .-__ 

10 .-. 

Secondaries: 

Axial--- 

L___ 
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4 , 
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8 . 

9- 

10 

11 

12 


Feather no. 
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tke Riiocie Island Reds, but the Brahma males were slightly later in 
the development of these feathers than were the Reds. The second¬ 
aries developed verv similarly in the Rhode Island Reds and Light 
Brahmas up to about the tenth feather. From the tenth secondary 
on the appearance of the successive feathers was much earlier in the 
Brahmas than in the Rhode Island Reds. This same tendency was 
observed in the first molt. The Light Brahma males showed little 
molt of the secondaries until the twentieth week at which time second¬ 
aries nos. 2 to 10 were found to be molted. In the Light Brahmas 
the tendency for several secondaries to be molted at one time was 
much more noticeable than in the other breeds of fowl exaimned. _ As 
in the case of the Rhode Island Reds, all Light Brahmas retained 
the original no. 10 primaiy at 24 weeks of age. This was also true 
of the axial in all males and most of the females. 

GUINEAS 

Twenty guineas were examined for development of the remiges at 
L 4, 6, 8, and 12 weeks of age. For number of remiges present at 
hatching and age of appearance of the additional ones, the guineas 
were si!nilar to the White Leghorns (table 2). The first 7 primaries 
and 10 secondaries were present at the first examination made at 1 
week of age. The observations were not made over so long a period 
as in the t^reeds of chickens, but the data were sufficient to indicate 
that the sequence and rate of molt was comparable to that in White 
Leghorns. In figure 4 are given the data for co.mparison of rate and 
sequence of molt in the various species studied. The failure of the 
axial and secondary no. 1 to appear and molt in order 5\T.th the con¬ 
tiguous feathers was observed here as was the case in the three breeds 
of chi<*kens studied. The remiges of the female guineas appeared and 
molted slightfy ahead of those of the males, as was true of the breeds 
of chickens observed. 

TURKEVS 

Observations were made on 18 turkeys at 4, 6, 8, and 12 weeks. 
The data secured provided little information as to the time of appear¬ 
ance of many of the remiges, but a comparison of those present at 4 
weeks of age showed that they must have appeared at about the same 
age as did those of the White Leghorns and guineas. Here again the 
axial and secondary no. 1 appeared much later than the adjoining 
secondaries, indicating that this irregularity is characteristic of many 
gallinaceous birds. A comparison of the age at which the remiges 
emerged is found in table 2. In some forms records were not taken 
at hatching and the interrogation marks indicate that the feather was 
present at the first examination. In figure 4 is a comparison of the 
time of first molt for the various remiges. In making the comparison 
note sliould be made of the differences in age at the last examination 
in the different species. The graphs for the turkeys and guineas 
represent only the upper segment of the ones for the different breeds 
of chickens. 

MOLT OP EXTRA REMIGES 

" Itis of interest to consider the tune of appearance and molt of the 
Siiperaiimeraiy reiiiigespn the birds studied. The number of second- 
was somewhat variable and it was difficult to say what were- extra 



sei)t. 1,1935 Sequehca 0 / Juvenile Remiges of Some Dopuestic Birds 467 

featliers in tliis gxoup. It is true, however, that beginnmg with the 
secondary no. 2, ieathers of this group were dropped in a regular 
order from the outside in, so any supernumerary fo athers were dropped 
following the regular series. 


WHITE LEGHORN 



TURKEY 



GUINEA 



10 98765432 

primaries 


-Jl23456789l0f!12 
^ SECONDARIES 

< 


Figure 4.—Comparison of the age at, an«l sequence of, molt of the remiges in sevetel s|)ecies of domestic 
birds. Note that observations cww a much longer period in some species than in others, thus some 
graphs include only sections of the data given in others. Data are for mean of the two sexes. 

In the case of the piiinaries the number seemed to l>e well established 
at 10. An occasional bird in all three breeds of chickens studied had 
11. The eleventh feather always emerged after the tenth and was 
molted in the same order. 



lj]s jDiniiti! Aurlviiltanil Research Voisi, iu» r. 


TIME OF MOLT AND RATE OF FEATHER GROWTH 

Tiiere is little known as to the causal factors for molt in adults and 
I he same is true oi the juvenile molts. It is noted that although there 
are several primaries and secondaries present at time of hatching 
these feathers are not dropped at the same time. They are molted 
in a fixed and regular sequence. Those remiges appearing after 
liatciiing are molted in the same order in which they appear. This 
might indicate that the order of molt of the feathers present at hatch¬ 
ing bears some relation to the sequence of their development in the 
embryo. 

In order to determine whether a feather is molted after reaching a 
definite age, calculation was made of the period over which each of 
the original remiges was held. Since several feathers were present 
at liatcliiTig and since these feathers were molted in order with rela¬ 
tion to position it would be expected that for those feathers present 
iit hatcMng there would be a gradual increase in time held. vSoine 
idea of the relative periods over which the different remiges were 
held is gained by an examination of figure 2. The upper clear portion 
of each column indicates the length of period over which each original 
feather was held. The upper horizontal line marks the time of 
emergence and the lower one the time of molt. From table 3 it 
is seen that for primaries 1 to 7 and secondaries 2 to 8 the period 
increased by about 1 week for each successive feather in White 
Leghorns. Those appearing irregularly were found to vary con¬ 
siderably in period over which they were held, and the period was 
somewhat longer than for the other feathers Those feathers which 
were molted regularh" and which appeared after hatching were 
held for about 12 weeks in the females and slightly longer in the 
males. 

The growth rate of the various remiges is of interest in view of the 
variation in age at which they appear and in relative length in the 
adult. Table 4 gives the length of each remex (first set) at 3 weeks 
after it appeared. The age at which the various remex lengths wmre 
recorded varied, depending on the age at which the feather appeared. 
The mean lengths are for the respective feathers in 11 female and S 
male White Leghorns. Aleasurements were taken at weekly intervals, 
but the data in table 4 are the means for the third (weekly) record. 
The number of feathers measured was not large enough to supply ver}^ 
conclusive results. Nevertheless, the data indicate that the rate 
of growth of the feathers bears no relationship to the time at which 
they emerge. There is some tendency toward an agreement between 
the position and rate of growth of the secondaries. Beginning 
with the axial feather, there is a somewhat regular decrease in rate 
of growth if w^e exclude the twelfth feather. An examination of 
figure 1 shows no correspondence between the adult length of the 
feather and its rate of growth. In considering the results in table 4, 
it should be kept in mind that secondary no. 1 does not appear until 
atwiiit the time that secondary no. 10 appears, and that the axial 
feather emerges along with the tw^elfth secondary. Secondaries 7 
to 11 averaged somewhat shorter than the others after 3 weeks^ 
growth. The axial and secondary no. 1 in both males and females 
showed considerably more rapid growTh than did other remiges and 
these feathers were also considerably delayed in appearing. 
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Table 3.'— Period (iveeks) between emergence and molt of the first set of remiges in 

White Leghorns 


Feather uo. 

Female 

Male 1 


Female 

IVIale 

Prima¬ 

ries 

Second¬ 

aries 

Prima¬ 

ries 

Second¬ 

aries 

Feather no. 

Prima¬ 

ries 

Second¬ 

aries 

Prima¬ 

ries 

Second¬ 

aries 

\xial - _ 


13. 7 


20.0 

7 1 

14.4 

12.4 

15. 5 

13. 0 

1__ 

0.0 

12.3 

6.3 

13.8 

8..; 

14.3 

13.1 

16.3 

14. 0 

2 __ 

7.9 

8.1 

8.0 

8.3 

9.. 

14.3 

13.2 

18.0 

13.8 

3. 

9.3 

8.9 

9. 5 

9.3 

10_i 

16.1 ! 

12.1 

19.3 

14.2 

4 - - - 

10.4 

10.1 

io!s 

10.3 

11..i 


12.7 


14.5 


11.7 

10.9 

12.3 

11.3 

12.. 


12. 5 


14.3 

5_ 

! 13.1 

11.5 

13.5 

12.3 







Table 4. —Comparison of lengths (millimeters) of remiges at the end of the first d 
tceeks of growth in White Leghorns 


Sex and chick 

Length of primary no.— 

Lencth 

Length of secondary no.— 

no. 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

of 

axial 

1 

2 

3 

4 

5 

s 

T 

9 

10 

11 

12 

Female: 
























923. 

69 

73 


78 

85 

87 

87 

83 

78 

66 

92 

78 

72 

74 

74 

74 

73 

70 

62 

63 

67 

71 

73 

924. 

66 

75 

63 

64 

68 

72 

74 

73 

70 

60 

87 

76 

65 

64 

63 

60 

61 

60 

57 

58 

55 

60 

72 

927. 

69 

81 

63 

69 

75 

75 

78 

78 

75 

68 

99 

60 

68 

68 

07 

65 

66 

61 

56 

58 

49 

58 


928. 

78 

89 

66 

75 

82 

85 

83 

82 


78 

86 

95 

74 

73 

72 

73 

71 

67 

54 

58 

58 

68 

74 

929. 

78 

88 


75 

SI 

83 

83 

83 

78 

76 

90 

93 

73 

73 

73 

70 

70 

68 

63 

58 

58 

54 

52 

930. 

66 

80 

m 

71 

75 

76 

77 

/ i 

76 

68 

88 

89 

68 

68 

68 

67 

67 

63 

60 

53 

63 

51 

84 

935. 

75 

84 

71 

76 

84 

85 

85 


82 

75 

78 

94 

76 

75 


73 

71 

70 

65 

60 

64 

54 

70 

937. 

70 

SO 

66 

6S 

76 

73 

77 

77 

73 

68 

80 

82 

66 

66 

65 

64 

64 

60 

50 

50 

55 

60 

60 

943. 

80 

70 


74 


80 

80 

80 

SO 

70 

86 

78 

70 

70 

68 

69 

68 

64 

63 

60 

64 

66 

66 

944. 

81 

68 


74 

80 

82 

81 

80 

77 

67 

75I 

81 

73 

72 

71 

71 

69 

65 

64 

58 

61 

71 

70 

945. 


71 

... 

62 

70 

70 

70 

71 

68 

55 



63 

62 

60 

57 

58 

55 

50 

45 

47 

48 

66 

Mean... 


78 

66 

71 

78^ 

79 

80j 

78 

76 

68: 

85 

82 

70 

70 

68 

68 

67 

64 

59 

56 

58 

=■ 

60 

69 

Male: 

j 

== 


= 




















922.. 

71 

83 

68 


78 

79 

! 77 

78 

74 

: 65 

91 

961 

67 

67 

69 

68 

67 

65 

62 

55 

‘ 641 

50 

72 

931.i 

75 

65 

71 

'75 

83 

83 

.83 

.82 

77 

74 

95 

77 

75 

77 

78 

74! 

72 

70 

70 

62 

62! 

67 

66 

932. 

87 

74 



84 

i 84 

84 

82 

80 

71 

102 

76 

^ 73 

75 

73 

73j 

73 

71 

68 

62 

' 681 

72 

74 

933. 

77 

61 


75 

82 

86 

85 

So 

82 

85 

95 

96 

72 

72 

70 


62 

60 

63 

73 

62' 

62 

_ 

934.i 

70 

59 

86 

71 

76 

81 

82 

82 

80 

72 

85 

87 

70 

70 

68 

‘67! 

58 

62 

57 

70 

571 

61 

66 

938 


88 

62 

52 

63 

63 

67 

69 

66 

60 

96 

92 

79 

57 

53 

-J 

48 

45 

* 38 

30 

1 


65 

941_ 


72 

' 78 

63 

68 

' 71 

73 

69 

68 

66 


72 

62 

62 

6J3 

621 

58 

56 

48 

38 

fis 

72 

72 

946 
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83 

S3i.83 

82 

74 



74 

74 

74 1 
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67 

65 

55 
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64 
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_i 

56 
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62 
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SUMMARY 

Three breeds of chickens (White Leghorn, Rhode Island Red, and 
Light Brahina), guineas, and turkeys all agree in having several 
primaries and secondaries present at hatching. In the White Leg¬ 
horns, turkey’s, and guineas more feathers were present at liatcliing 
and the missing feathers appeared earlier than in the Rhode Island 
Reds and Light Brahmas. 

The irregular sequence of emergence and molt of the secondaries 
was found to be characteristic of all species of domestic birds examined. 

One complete molt of the remiges usually took place during growth, 
but frequently the original primary no. 10 was carried unmolted by 
the sexually mature chicken. 

A second molt, following the same sequence as the original one, was 
observed in some chickens when they approached sexual maturity. 






























47t) 


Journal of Agricultural Research voi. 51 , no. n 


There was considerable difference in period of time over wbicli the 
various remiges were held before being molted. 
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MACROSPOROGENESIS AND EMBRYOLOGY OF 
MEDICAGO ^ 

By D. C. Cooper 

Research associate, Departme7its of Botany and Genetics, Wiseotisiu Agricultural 

Experhnent Station 

INTRODUCTION 

This study of the macrosporogenesis and embryology of alfalfa 
{Medicago sativa L.) is preliminary to an investigation of the causes 
of the failure of seed setting in certain strains of this species. Reeves 
(I5)“ gave a detailed account of microsporogenesis and traced the 
development of the ovule and of the embrym sac ( 14 )- He did not 
give the details of macrosporogenesis and did not continue the study 
through fertilization and the development of the embryo. Jvfartin 
(11) described stages in the development of the embryo sac of alfalfa 
and compared these with corresponding stages in other Legiiminosae. 
Ghimpu (7), Kawakami {10)^ Tschechow (17), Ree\"es (Id), and 
Fryer (d) have reported the chromosoine number of d/. mtini as 
n=l(), 2?? = 32. 

MATERIAL AND METHODS 

The material for this investigation was collected from plants 
growing in the greenhouses of the Department of Genetics, Wiscon* 
sin Agricultural Expermient Station, during the late winters and 
earty springs of 1932-34. These plants were producing an abundant 
crop of seed. For comparative purposes, material of seven other 
species of Medicago —M. hemicycla, M, glutinosa, M. jalcata, M. 
platycarpa, M, ruthenka, M. lupulinaj and M. dzawakhetka —was 
also collected. The first three have the same chromosome number 
as M. sativa and the remainder have half that number. Buds, young 
flowers, and fruits of various ages were placed in the following fixa¬ 
tives: La Courts, LicenLs, and Karpechenko's modification of Nava- 
shin’s fluid. The best preparations were obtained from the material 
fixed in the two fixatives last named. 

OBSERVATIONS 

MACROSPOROGENESIS 

Each ovule of Medicago sativa contains usually 2 or 3 primary 
sporogenous cells. These lie, in most instances, side by side in the 
niicelliis (pL 1, A), but occasionally they are end to end, appearing 
as a tetrad much as was described by Reeves {14)- The primary 
sporogenous cells are easily identified by their large size and peculiar 
staining properties. They become more or less deeply embedded in 
the nucellus in consequence of some further division of the cells of 
the hypodermal layer. The presence of more than one sporogenous 

i Received for publication Mar. 26,1935; issued December, 1935. Pajiier from the Departments of Botany 
and Genetics (no. 186), Wisconsin Agricultural Experiment Station. 

^ Reference is made by number (italic) to Literature Cited, p, 476. 
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cell ill M safkd was noted by Martin (11) and by Ree.ves (I 4 ). The 
members of this genus vary in this respect, ^ Giiignard (9) found a 
single sporogeiious cell in M. tirhorea. Corti (4) found a like con- 
dition in MJtisiJida and M, arahka, although occasionally more than 
one primary sporogenous cell was seen. There are usually two or 
more sporogenous cells in M, dzawakhetica, Al. fcdccita^, Al. glutinosa, 
and AL hemicyda. One such cell is the rule in M. hipulina, Ad. 
platycarpa, and ili. ruthenicaj although in an occasional ovule two or 
more sporogenous cells are present. 

The primary sporogenous cell functions as the niacrospore mother 
cell without further division. It increases in size until it is about 
tliree times as long as broad. Miile the nucleus of the spore mother 
cell is passing through the early stages of the heterotypic division 
ipL 1, G), the cytoplasm remains finely vacuolate. As meiosis 

progresses the cytoplasm at the ends of the cell becomes more 
vacuolate, and a "dense zone surrounds the heterotypic and later the 
homeotypic spindles (pi. 1, D~G), The 16 pairs of chromosomes as 
seen at the multipolar spindle stage (pL 1, (7) and on both the hetero¬ 
typic and homeotypic equatorial plates vary in size and shape. One 
pair is particularly prominent because of its large size. After the 
completion of the heterotypic division, a cell plate is formed and the 
macrospore mother cell is" divided in such a manner that the chalazal 
daughter cell is about twice as large as the micropylar cell. 

The axis of the homeotypic spindle in the chalazal cell is usually 
longitudinal, whereas the spindle in the micropylar cell may be 
transverse (pi. 1, G). In some instances they are formed simul¬ 

taneously, in otliers the nuclear division in the chalazal cell either 
precedes or follows that in the sister cell (pi. 1, (?, H). Occasional 
figures show an abortive equatorial plate in a micropylar cell which 
lias already begun to disintegrate. Probably the occasionally ob¬ 
served row of 3 instead of 4 macrospores arises in this way. Most 
observers have found a linear row of 4 macrospores in the Legumi- 
nosae. In a few species, however, a row of 3 macrospores has been 
described. Guignard (S, 9) noted the formation of only 3 in Phaseolus 
multijiorus and in Aledlcago arborea. Weinstein {19) found the 
presence of 3 macrospores to be typical of P, vulgaris. This was 
brought about as the result of an abortive homeotypic division in the 
micropylar cell. 

The spore mother cell, or in some instances more than one of the 
spore mother cells, of the apical ovule passes through these divisions 
first; corresponding divisions follow successively toward the base of 
the ovary. Microsporogenesis likewise is initiated in those stamens 
at the apex of the bud and gradually advances toward its base. 
Thus mierospore tetrads may be found in stamens in the apical region 
of the bud, heterotypic spindles being present at the same time in 
the more basal stamens. In a few instances heterotypic spindles 
were found m apical ovules of buds in which the anthers at the apex 
coatained mierospore tetrads. Close examination revealed the 
presence of a tetrad of macrospores in the ovule as well as a spore 
mother cell bearing a heterotypic spindle, indicating that macro- 
sporogenesis may lag in some of the sporogenous cells. 

In mimeroiis cases 2 or more tetrads are formed in a single ovule 
(pL 1, J), and a few’ ovules were observed to contain 2 well-developed 
gametophy tes. The chalazal macrospore of the row of 3 or 4 becomes 
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PLATE 1 



A, Portion of nueellus showing three primary sporogenous cells, X 330: B, nucleos of macrospore mother 
cell, early spireme stage, X 1,365; G, macrospore mother cell, heterotypic division, multipolar spindle 
stage, X 1,365; Z>, same as C at early equatorial-plate stage, X 1,365; E, same as C at telophase, X 1,365; 
F, homeotypic equatorial-plate stage, X 1,365; G, homeotypic division, anaphase stage in chalazal cell 
and cell plate formation in micropylar cell, X 1,365; H, delayed mitosis in micropylar cell, large chalazal 
cell is functional macrospore, X 1,365; J, ovule with two tetrads, one being in a stage similar to that of 

H, X 330; J, 4-nucleate embryo sac showing remnants of spindles between nuclei and large central vacuole, 
X 1,365; K, 8-nueIeate embryo sac showing cell-plate formation, X 1,365; i, ovule with maturing embryo 
sac, X 146; M, embryo sac showing entrance of a pollen tube, an integumentary cell extending into the 
sac, X 146; N, tip of pollen tube showing two male gamete cells, tube nucleus having disintegrated, X 

I, 365; 0, detailed drawing in integumentary cell extending into embryo sac M (note, active nucleus 
and starch grains in this cell), X 683. (Drawings made with AbbS camera lucida at table level.) 
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PLATE 2 



A, Egg apparatus and pollen lube shown in plate 1, M, X 725: B, egg, showing male gamete nucleus closely 
appressed to egg nucleus, X C, stage in process of fusion of male gamete nucleus with egg nucleus, X 
A zygote nucleus at spireme stage, X 1,365; A same as A with two groups of chromosomes and 
two niicleoles present, X 1,365; A same as D. later stage (note position of satellite chromosomes), X 1,365; 
A cliromosomes adTaneing to equatorial plate (note two groups), X 1,365; H, oblique view of early 
zygoiie spindle, chromosomes at left having advanced further on to the equatorial plate than those at 
ihe right., X 1,365; 1, lateral view of equatorial plate in zygote showing two groups of chromosomes, 
X 6s3; J. zygotic equatorial plate, polar view, X 1,365; it", same as J, lateral view, X 683; Z, nuclear 
division in zygote, telophase, X 6S3; M, binueleate proembryo showing cell-plate formation with extra 
pollen tubes present, X 6S3; IV, 2-eeIIed proembryo, X 6S3; 0, same as JV, nucleus of apical cell dividing, 
X 6S3; P, stage in formation of 4Heelle<i proerahryo, X 330; Q, 4-celled proembryo, X 330; P, 5-celled 
proembryo. X 330; Sf 6 -eeEed proembryo, X 330; (T, 2 -celled embryo with 5-celled suspensor, X 330. 
(Drawings made with AbW camera lucida at table level.) 
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the functional enibryo-sac mother cell and the other spores disinte¬ 
grate. This is in agreement with the reports of Martin (11) and 
Reevns (f^)* Medkago ai^homi the lily type of embryo-sac 
development, wherein all 4 macrospore nuclei participate in the 
formation of the embryo sac, has been described by Guignard (5^) 
and Herail, as quoted by Schnarf {15). An examination of the other 
species used for comparative purposes in the present study has shown 
that in each the chalazal spore alone develops into an embryo sac. 

As a result of 3 nuclear divisions an 8-nucleate enibryo sac is 
formed. The spindles of the second division apparently persist 
(pL 1, J) so that after the last division the 4 nuclei at each end of the 
embryo sac are connected by spindle fibers (pL 1, JO- Cell plates are 
formed between the nuclei in such a manner that 3 of the nuclei at 
each end of the embiyo sac are incorporated into a like number of 
cells, and the fourth nucleus remains in the central region. Thus a 
7-celled embryo sac is formed consisting of an egg and 2 synergids at 
the micropylar end, 3 antipodal cells at the chalazal end, and, an 
elongated endosperm mother cell in the mid-region (pi. 1, L). The 
nucellus breaks down so that the micropylar end of the embryo sac 
comes to ie in direct contact with the inner integument, ^iottier 
{12) observed cell-plate formation in the development of the embryo 
sac of Lilimn martagon^ and the wTiter (S) has described a similar 
phenomenon in L. kenryi. Olive Kees (unpublished results) likewise 
observed cell-plate formation in the development of the embryo sac of 
Solan iim tuberosum. 

Small starch grains are to be observed in the four-nucleate embryo 
sac (pi. 1, J). They continue to increase in size and each grain has a 
definite shape at the time of the third nuclear division. Well- 
developed starch grains are abundant in the mature gametophyte. 

The egg apparatus consists of three pear-shaped cells, the egg 
being somewhat larger than either synergid. A large vacuole appears 
in the basal region of each synergid, the small nucleus being em¬ 
bedded in the dense cytoplasm in the middle region of the cell. 
Just prior to fertilization the micropylar ends of the synergids elongate 
and extend into the micropyle. The cytoplasm of this region con¬ 
tains minute canals (filiform apparatus), which extend from the large 
basal vacuole toward the apex (pi. 2, A). The large egg nucleus is 
embedded in the dense cytoplasm in the basal region of the egg. This 
cell contains numerous starch grains, which are lacldng in the synergids. 

The antipodal cells, although usually well formed at the time of 
fertilization, disintegrate shortly thereafter. Reeves (14) has 
described early disintegration of the antipodal cells and finds that 
conductive cells, similar to the ''Leitzellen^^ described by Ernst (J) 
for Tulipa gesneriana^ extend before fertilization into the chalazal 
end of the embryo sac. No evidence of such structures has been 
found in the material used in this investigation. 

The polar nuclei come to lie near each other in a region closely ad¬ 
jacent to the basal portion of the egg. They do not completely unite 
until the time of fertilization. Starch grains are abundant in the 
endosperm mother cell, especially in the dense cytoplasm near the 
fusion nuclei and near the egg apparatus. Comparatively few 
starch grains appear at the chalazal end of the endosperm mother 
cell and none in the antipodal cells (pi. 1, Ai). 
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FERTILIZATION AND DEVELOPMENT OF THE EMBRYO 

Fertilization takes place between 24 and 27 hours after pollination. 
The pollen tube enters the embryo sac between the syiiergids and 
tlie egg. Usually only one pollen tube was seen, but in a few in¬ 
stances extra pollen tubes were present (pi. 2, M). The synergids 
are not broken down by the pollen tube as in Phaseolus vulgaris (Wein¬ 
stein (iS))j but persist for some time after fertilization. 

The two male gemetes are dischai'ged from the pollen tube in the 
vicinity of the egg. As is shown in plate 1, A", each gamete nucleus 
is surrounded by a layer of cytoplasm which is distinct from that of 
the pollen tube.*^ The tube nucleus may disintegrate early, but in a 
few instances it was found near the apex of the pollen tube (pi. 2, A). 
In the process of fertilization one male gamete nucleus becomes closely 
appressed to the egg nucleus, and the other unites with the fusing- 
polar nuclei. The "male gamete nuclei are not rounded as in Phase- 
ahis (Brown (i)), but are more elongate as in Melilotus (Cooper (2)). 
Eaeli contains a small nucleolus near one end. 

The small densely staining male gamete nucleus winch is closely 
appressed to the less densely staining egg nucleus (pi. 2, B) now 
i!i(?reases in size and its chromatic network tends to spread out so 
tiuit ultimately the networks of the fusing nuclei are substantially 
similar (pi. 2, C) and the nuclear membranes disappear in the region 
of contact of the two nuclei. The nucleolus of the male gamete 
nucleus also enlarges to some extent but does not become as large as 
that of the egg nucleus. 

Two distinct groups of chromosomes are now formed, one arising 
from the nuclear material of the male gamete and the other from 
that of the egg. These can be followed in plate 2, D to G, The two 
satellite chromosomes, one from each parent, are widely separated 
within the nucleus (pi. 2, 

During the stages just described the fusion nucleus of the endo¬ 
sperm mother cell has divided once or sometimes twice, and by the 
time of the equatorial-plate stage in the division of Ihe zygote nucleus 
commonly 2, and often 4, endosperm nuclei are present. The 2 
chromosome groups of the zygote are usually somewhat separated on 
the equatorial plate (pL 2, G to I), but occasionally the 2 groups 
cannot be distinguished (pL 2, J, K). ^ 

The zygote divides transversely to form a two-celled proembryo 
consisting of an enlarged basal cell and a much smaller apical cell 
(pi. 2, i to A). Extra pollen tubes have been found in embryo sacs 
at this time. Plate 2, If, shows the two male gametes being dis¬ 
charged from a ruptured pollen tube. 

The apical cell divides fprther so that a proembryo is formed con¬ 
sisting of 6 cells (pi. 2, 0-^', Although both nuclei are preparing to 
divide in the 2-celled proembryo hi plate 2, N, indicating that such a 
procedure perhaps may sometimes occur, equally only the apical cell 
divides (pL 2, P). In one case, however, a mitotic "figure was ob¬ 
served in the basal cell (pL 2, R), According to Soii^ges (16), the 
apical cell of the 3-celled proembryo divides to form the true embryo 
in Medicago lupulina, Alartin (11) found that it is the terminal cell 
of the 5-celled filament that forms the embryo in M. sativa. In all 
the material thus far examined a 6-celled proembryo is formed 
{pL 2, S), and from the apical cell of such a proembryo the embryo is 
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PLATE 3 



Division forming 4-celled embryo, ma.gnification here and unless othenvise noted, X -65; J5, cells of 

4- celle,d embryo dividing transversely; C-H, stages of embryo development wherein either the first or 
second division was transverse, showing snspensor increasing in size; J, 8-ceIled embryo with attached 

5- celled snspensor;,/, K, cell divisions leading to 16-celled stage; D, two layers formed from basal tier of 
cells with apical cells undivided; transverse section of basal tier of embryo showing periclinal divisions; 
iV, embryo showing nuclear division in apical tier; 0, sometvhat later stage than in N; P, Q, transverse 
division of cells of apical tier; S, older embryos becoming more spherical in shape; T, still older embryo, 
flattened apically and showing first evidences of primordia of cotyledons and epicotyl, X 257; C7, embryo 
with primoridia of cotyledons (e), epicotyl (t), and hypocotyl (ft,), and snspensor at stage of greatest 
development, X 115; F, embryo with elongating cotyledons and hypocotyl, X 60; embryo bending 
in region of epicotyl, with snspensor disintegrating, X 60; X, mature embryo with portion of upper coty¬ 
ledon cut away to show primordia of leaf (/) and stem tip is), X 30. (Drawings made with AbbI camera 
luclda at table level.) 
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developed. The cells of the suspensor divide, and the siispensor 
increases in size, 

Ivlaterial from high seed-setting strains of alfalfa, collected at 
regular intervals after pollination shows considerable variation in 
embiyo development. Stages in the division of the zygote and occa¬ 
sionally 2-celled proembryos are to be found 31 hours after pollina¬ 
tion. The endosperm at this time contains from 2 to 4 nuclei. Two- 
to four-celled proembryos are present 48 hours after pollination, and 
24 hours later these have so developed that they are composed of 
5 or 6 cells. True embryos ranging from 2 to ib cells in size are 
present 120 hours after pollination. Such variation in size of em¬ 
bryos is found not onl}^ between different ovaries, but also within a 
single ovary, where embryos were observed ranging from 4 to 12 
cells in size. 

Although there is an abundance of pollen tubes in the ovary at the 
time of fertilization, only about half or less of the ovules show the 
presence of proembryos at 31 and 48 hours after pollination. The 
cytoplasm of an embryo sac in which fertilization has not occurred 
remains apparently normal for a considerable time, the first evidences 
of disintegration being found in ovules collected 72 hours after pollina¬ 
tion. This disintegration continues and ultimately the whole ovule 
becomes involved, so that at 120 hours after pollination the unferti¬ 
lized ovules are small and very much shrunken. An examination of 
about a hundred ovaries revealed a range in number of ovules per 
ovary from 8 to 14 and a range in number of fertilized ovules per ovary 
from 1 to 6, the average being between 3 and 4. 

The division of the apical cell in the formation of the embr}^ is 
usually parallel to the longitudinal axis of the proembryo (pi. 2, T). 
By two further divisions, the first vertical ancl the next transveme, 
an 8-celied embryo is formed (pi. 3, A, By and I). Occasionally the 
first division is transverse and the second and third divisions are 
vertical (pi. 3, 0-H). Periclinal divisions now occur which cut oft’ tlic 
dermatogen (pi. 3, 1-~L). The cells of the embryo continue to multi¬ 
ply, forming first a spherical mass which later elongates and broadens 
at the apex (pi. 3, M-T). At this stage certain cell groups at opposite 
sides of the periphery of the apex as well as those in the basal region 
of the embryo become actively meristematic, and thus the cotyledons 
and hypocotyl are initiated (pi. 3, T, U). 

The cotyledons appear as two outgrowths at the periphery of the 
apical region of the embiyo. The epicotyl is a smaller outgrowth 
between them at the apex. The cotyledons elongate rapidly, becom¬ 
ing long, broad, and flattened (pi. 3, T"), The hypocotyl also elon¬ 
gates, and during its further course of development the embryo curves 
in the region of the epicotyl (pi. 3, W) so that at maturity the coty¬ 
ledons and hypocotyl are almost parallel (pi. 3, A"). Pro vascular 
strands are differentiated early in the embryo (pi. 3, V). In the 
mature embryo, primordia of the first leaves are present near the 
apex of the stem. In the embryo represented in plate 3, A, a portion 
of one cotyledon is cut away to show the stem tip. 
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SUMMARY 

Each ovule of Medicago sativa contains usually 2 or 3 primary 

sporogenoiis cells. 

The primary sporogenous cells function directly as maorospore 
mother cells. 

In consequence of the two meiotic divisions, the macrospore mother 
cell produces a row of four macrospores. 

Occasionally only three cells are produced as a result of meiosis, the 
iiiicropylar cell possessing an abortive homeotypic division spindle. 

Usually 1, occasionally 2, and sometimes 3 macrospore tetrads are 
found in a single ovule. 

The clialazal cell develops into an 8-nucleate, 7-celled embryo sac; 
the other macrospores disintegrate. 

One embryo sac is usually formed in an ovule; occasionally two are 
present. 

The apices of the sjmergids elongate into the micropylar canal, 
and a distinct filiform apparatus is present. 

Fertilization takes place, under greenhouse conditions, between 24 
and 27 hours after pollination. 

The pollen tube enters the embryo sac between the synergids, 
neither of wliich disintegrates until later. 

The antipodals persist for some time after fertilization. 

In the course of gametic union, the chromosomes of the two gametes 
remain in two more or less distinct groups until the equatorial-plate 
stage of the first division of the zygote nucleus. 

The zygote by transverse divisions forms a filament of six cells. 
The embryo develops from the terminal one of these cells. The other 
five cells by a few further divisions form the suspensor. 

The embryo develops in a typical manner. 

Although there is an abundance of pollen tubes present, less than 
half the ovules in an ovary show signs of fertilization. In heav3" seed- 
setting lines of alfalfa there is an average of 3 to 4 seeds per pod, 
whereas 10 to 12 ovules are present in each ovary. 
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INFLUENCE OF THE INGESTION OF COLOSTRUM ON 
THE PROTEINS OF THE BLOOD SERA OP YOUNG 
FOALS, KIDS, LAMBS, AND PIGS' 

By Imogene P. Earle - ' 

ABSOciate biochemist, Animal Husbandry Division, Bureau of Anhnal Industry, 
United States Department of Agriculture 

INTRODUCTION 

In a project concerned with, the artificial feeding of young farm 
animals from birth to the end of the suckling period, at the United 
States Animal Husbandly Experiment Farm at Beltsville, Md., a 
consideration of the importance of colostrum to the young of the 
difterent species became of great interest. There is considerable 
evidence in the literature, principally from the laboratories of Smith 
(11^ 16f 17 j 18f 19)j^ indicating that colostrum, or its equivalent in 
the transfer of certain types of immunity, is essential for the rearing 
of healthy calves. It further appears, from the wmrk of Orcutt and 
Howe (14)} that in the calf at least the absorption of antibodies from 
the colostrum does not take place to any considerable extent except 
in conjunction with absorption of unchanged globulins from the 
colostrum ingested. The possibility that the direct absor|)tion of 
globulins by the new-born animal may have some physiological sig- 
inficance aside from the transfer of any passive immunity should not 
be overlooked. 

The author, therefore, has regarded the changes in the protein 
composition of the blood of the new'-bom animal following the inges¬ 
tion of colostrum as a probable index of the absorption of colostrum 
and perhaps as some measure of the peculiar benefits available to the 
animal from the colostrum. This paper presents data in regard to 
the changes, which result from colostrimi ingestion, in the protein 
concentration and in the distribution of protein fractions in the blood 
sera of young foals, kids, iambs, and pigs. 

REVIEW OF LITERATURE 

The function of colostrum in the early development of the young 
animal has been ascribed at times to its laxative properties and again 
to its high nutritive value, but more often to its role in the transfer 
of passive immimity from dam to suckling. Following the classic 
investigations of Ehrhch (4) on the transfer in mice of maternal 
immunity to certain phytotoxins, by means of milk, many studies 

i Received for publication July 23,1935; issued December 1935, This study was conducted as a part of 
the major project Milk and Milk Substitutes in the Rearing of Orphan Farm Animals. 

^ Acknowledgment is made to James A. Gamble, formerly of the Bureau, for Ms assistance, and to Paul 
E. Howe, senior chemist, for his direction of the work and for advice on its teehnica Ip'hases. 

® Reference is made by number (italic) to liiterature Cited, p. 4S9. 
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were made on the transfer of antibodies in milk. However^ the 
interpretation of results from these studies was confused by the fact 
that in soiiie of the species used there was immunization of the young 
in iitero, whereas in others the young were born without the immune 
bodies which were present in the blood of the dam. 

The literature on the many aspects of the subject of transfer of 
maternal immunity has been comprehensively reviewed by Braun^ 
Hofmeier, and Holzhausen {2, pp. 1109-1146), and reference is made 
in the present paper only to such investigations as are thought to 
have an immediate bearing on the interpretation of the results 
obtained in the study. 

In 1922 Smith and Little (16) published the results of the first of a 
series of investigations which definitely established the importance of 
colostrum for the survival of the new-born calf. They showed that 
from 75 to 80 percent of calves deprived of colostrum failed to survive, 
whereas the control animals, which had received colostrum, all lived. 
These authors concluded {16, p, 187) 

that the function of the colostrum is essentially protective against miscellaneous 
bacteria which are harmless later w^hen the protective functions of the calf have 
begun to operate and accumulate energy. 

Howe (6) observed that the blood of the calf at birth contained 
neither eiiglobulin nor pseudoglobulin I in appreciable quantities, 
but that the ingestion of colostrum by the animal at any time within 
2 days after birth resulted in the rapid appearance of these protein 
fractions in the blood. Orcutt and Howe {14) furnished evidence of 
the association of certain agglutinins with the globulin fractions in 
cow’s colostrum and further demonstrated the simultaneous appear¬ 
ance of these globulin fractions and of the associated agglutinins in 
the blood of the new-born calf after the ingestion of the colostrum. 
These authors postulated a direct absorption of colostrum globulins 
together with the associated antibodies. 

Lewis and Wells {10) repeated on the human infant the study which 
Howe made on the new-born calf. They found that in contrast to 
the calf, the infant has at birth a quantity of pseudoglobulin per cubic 
centimeter of blood comparable to that of the adult, and lacks only 
euglobulin. These findings were confirmed by Boyd {!), who further 
demonstrated that after the ingestion of colostrum there is a definite, 
although not great, increase in the quantity of serum euglobulin. 

Kuttner and Ratner (S), in a study of the permeability of the human 
placenta to diphtheria antitoxin, foxmd that the concentration of 
antitoxin in the blood of the umbilical cord of the infant corresponded 
to that in the blood of the mother. They observed no increase in 
antitoxiE attributable to colostrum ingestion, and concluded that in 
the feeding of infants the significance of colostrum is not comparable 
to that in the feeding of calves as shown by the work of Smith and his 
associates (11,14,16), They considered the difference in the globulin 
content of the blood of infants and of calves at birth and the differ¬ 
ences m transmission of inimxme substances in utero in the two species 
as probably arising from differences in the histological structure of the 
placentae of these species. They pointed out that there was apparently 
a greater degree of permeability for passage of antibodies and of serum 
globumis m species in which the placenta interposes only one layer of 
cells, between the maternal and the fetal circulations, as in man, apes, 
and rodents, than, in animals in which there are two or more cell 
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layers between the maternal and the fetal bloods. Later work on the 
transference of immunity in certain farm aiiimaisj reported in the 
following paragraphs, lends support to their conclusions that in 
species having histologically a more complex barrier between maternal 
and fetal circulations than the placenta chorialis, there is no placental 
transfer of immune substances. 

Mason, Dalling, and Gordon (12), in a study of the transference 
of inamuiiity to lamb dysentery in sheep, also carried out some 
experirnents on the mare and the cow They found no placental 
transmission of antitoxin from dam to young in the ewe, cow, or mare, 
but a passage of much antitoxin into the colostrum of these animals. 
These authors further demonstrated the subsequent appearance of 
the antitoxin in the blood of the new-born young after the ingestion 
of colostrum containing the antitoxin. 

Nelson (13), similarly, has shown that new-born pigs born of sows 
immune to vaccinia virus have no immune substances to this virus 
until after the ingestion of colostrum from their dams. 

ANIMALS USED AND THEIR MANAGEMENT 

In this study, 10 foals, 3 kids, 6 lambs, and 4 pigs were used. Four 
of the foals were allowed to suckle their dams, 3 foals were fed meas¬ 
ured quantities of colostrum from their dams, and 3 foals were fed a 
mixture of dried cow^s milk, sugar, and water, which had a total 
protein concentration approximating that of fresh mare^s milk. One 
of the kids was allowed to suckle its dam, one was fed measured 
quantities of colostrum from its dam, and the other was fed 4 ounces 
of sheep colostrum for the first 3 hours and only goat^s milk after 
the third hour. Four of the lambs were allowed to suckle their 
dams, and two received a mixture of dried cow^s milk in water. Of 
the 4 pigs, all litter mates, 2 were allowed to suckle their dam and 2 
were placed with a sow which had farrowed 8 days previously. 

An the young animals used in this study were delivered under 
observation, and unless a sample of blood was obtained from the 
umbilical cord when it was broken, each animal was immediately 
removed from its dam until the first sample of blood was drawn. If 
the animal was to be allowed to suckle, it was then placed with its 
dam or with a foster dam. If it was to be hand fed, it was rubbed dry 
and placed in a suitable stall or pen and fed from a bottle. 

EXPERIMENTAL MATERIAL AND METHODS 

BLOOD SAMPLES 

Protein analyses were made of blood sera obtained from the new¬ 
born animals immediately after delivery and on blood sera obtained 
from the same animals at intervals after the ingestion of colostrum. 
Corresponding data were obtained from other new-born ardmals which 
received, in place of colostrum, either milk of the same species, 
colostrum of another species, or a mixture of dried cow's milk and 
water. 

The fimt blood sample from each of foals 1 and 2 consisted of 
15 or 20 cc of blood taken from the umbilical cord as it was severed 
just after delivery. All other blood samples from the foals, as well 
as all blood samples from the kids and lambs, consisted of 8 or 10 cc 
of blood drawm from a jugular vein with a sterile 16-gage needle. 
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Blood siiiirpies from the young pigs were drami from the left 
ventricle of the heart by means of heart puncture. Not more than 
6 cc of Hood was draira from a pig at any one time._ 

Because the sample of blood required for analysis was relatively 
large for so small an animal as the young pig, and because the method 
of drawing it was necessarily somewhat drastic for use on a new-born 
animal, i^was planned to bleed the pigs only on alternate days. Of 
the two pigs allowed to suckle their dams, pig 1 was to be bled the 
first day, pig 13 the second, pig 1 the third, etc. Unfortunately, pig 1, 
which was bled on the first day, was killed by the sow on the third day 
before the second sample of blood was obtained from it. Of the 2 
pigs placed with a sow which had farrowed 8 days previously, pig 2 
was to have been bled the first day, pig 4 the second, pig 2 the third, 
etc., but both animals died on the third day. However, the assump¬ 
tion that the serum of pig 13 had at birth a protein composition similar 
to that of its three litter mates seems warranted; therefore, pig 13 has 
been used as representative of the effect of colostrum ingestion. 

No anticoagulant was used in the collection of the blood samples : 
hence, all determinations were made on serum. For the determina¬ 
tion of the protein fractions in the blood serum, Howe^s niicrometliod 
(5) was used. In view of his later work (8) on the precipitating ca¬ 
pacity of certain salts for the globulins of blood serum, 1.00, 1.25, and 
1,50 volume molar concentrations of sodium sulphate were used instead 
of the 14.2, 18.4, and 21.5 percent concentrations formerly employed 
by him for the fractionation of the globulins. Eight percent of tri¬ 
chloroacetic acid wms used for the precipitation of total proteins. All 
nitrogen determinations were made by the technique of Pregl (15), 
The modified Parnas-Wagner micro-Kjeldahl apparatus described 
by Clark and Collip (3) was used. 

COLOSTRUM 

As a means of determining whether there is any correlation between 
the protein concentration of the colostrum ingested and the amount of 
increase in serum proteins of the young animal, protein analyses were 
made in most cases on the colostrum which was ingested by each 
animal, although for only 3 foals and 2 kids is there a record of the 
quantity of colostrum ingested. 

Samples of colostrum from the dams suckled bj" young under ob¬ 
servation consisted of from 30 to 50 cc of colostrum drawn at one 
milking. In every instance, the first sample of colostrum from an 
animal wm obtained before the new-born young was permitted to 
sucHe. The samples taken for analyses from the colostrum which 
wm later fed by hand to the experimental animals represented the 
product of several milkings. 

All samples of colostrum wnre centrifugalized to remove fat and 
colostric bodies, and the fat-free or skimmed colostrum, which was 
pipetted from under the cream, wns used for the protein determina¬ 
tions. 

Protein precipitations were made according to Howe's method for 
the determination of the proteins in colostrum (7) with the modifica¬ 
tion later suggested by him that volume molar concentrations of 
sodium sulphate be substituted for the volume percent concentrations 
oiiginallj used. This method for the determination of the proteins of 
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colostrum was evoh-^ecl for use vdih cow^s colostrum. However, in 
fractioning the proteins of the milk of the mare, the ewe, and the doe 
; goat) in the present study, difficulty was encountered in separating 
casein, pseudoglobulin I, and pseudoglobulin II by this method. For 
this reason pseudoglobulin I and pseudoglobulin II are recorded to¬ 
gether as one fraction. Tliis fraction was calculated as the difference 
in the nitrogen content of the' filtrates after precipitation with 1.50 
molar sulphate and after precipitation with 1.00 molar sodium sul¬ 
phate acidified with acetic acid. 

DATA AND DISCUSSION 
FOALS 

Table 1 shows the protein analyses of the blood sera of the foals 
used in this studj"" and of the colostrum ingested. The table indicates 
that the euglobulin fraction of the serum proteins is either absent or 
is present in very small quantities in new-born foals and that the 
pseudoglobulin I fraction is present in only small quantities. 

Results from the protein analyses of the blood sera from the 4 foals 
which were allowed to suckle their dams show that there was in the 
serum of each of foals 1, 2, and 3, after the ingestion of colostrum, an 
increase in euglobulin, a very marked increase in pseudoglobulin I, 
and likewise an increase in total globulins. Further, a comparison of 
data on the blood-protein fractions for foals 1 and 2 and on the con¬ 
centration of globulins in the colostrum ingested by each of them 
suggests that the concentration of globulins in the corostrum ingested 
was probably a factor in the amount of increase in the serum globulins 
following such ingestion. In the case of foal 4, there was an increase 
in euglobulin, but the pseudoglobulin I fraction was not significantly 
changed and a decrease occurred in both pseudoglobulin II and total 
globulins. Foals 1 and 2 were observed to suckle their dams during 
the first 24 hours after birth; each of their dams apparently had a 
generous supply of colostrum. However, information in regard 
either to the quantity or to the composition of the colostnun supplied 
by the dams of foals 3 and 4 is lacking. These last two foals were 
inconveniently located for observation of freqnenc}^ of suckling, and 
their owner objected to any handling of their dams such as would be 
necessary in getting colostrum samples. 

Foals 5, 7, and 9 were fed measured amounts of their dams’ colos¬ 
trum. Protein fractions were determined on a sample from each lot 
or quantity of colostrum from wdiich the individual feedings of meas- 
imed amounts were taken. From these data the total quantities of 
colostrum globulins ingested by each foal dining the first S hours 
after birth were calculated. The protein analyses on,the colostrum 
are shown in the table; the calculated amounts of colostrum globulins 
ingested are given in footnotes 4, 5, and 6. 

Although the data given in the table for these foals indicate that 
the increases which occurred in total serum globulins within 12 hours 
after birth were not directly proportional to the amounts of total 
colostrum globulins ingested, it appears that the greater the quantity 
of colostrum globulins ingested by these foals, the larger the acciinm- 
iation of euglobulin and of pseudoglobulin I in the serum. 



484 


Journal of Agricultural Research 


VoL 51, no, 6 


Table Protein analyses of Mood sera from foals and of the colostriifn ingested 

by them 

[Results are expressed as grams of nitrogen per 100 cc of original sample] 

FOALS ALLOWED TO SUCKLE THEIR DAMS 


Globulin 


i Time after 

Product analyzed and source ; delivery of 
foal 


Eu- Pseudo-i 
globu- j globu- I 
lin ! lin 


! Bays Hours \ 


BlofMl serum from foal 1J- 


:l 2 L 


Colostrum from damof fual 1 L|' 
serum from foal 2 2 . 

I 

Colostrum from dam of foal 2. j- 

I 

Blood serum from foal 3 ^.!■ 

Blood serum from foal 4 ^.!|' 


0 I 

12 I 
36 |. 
0 

24 1 

24 I 
0 1 
20 ! 
44 I 
0 i 
24 ! 

_L 


0.010 

.090 

1.259 

.288 


.000 
.066 
.096 
.874 
.141 
.066 
.021 
.038 
.033 
.007 
. 051 


Pseudo-; 
gif*"- ! Total 

u 


Casein 


0.046 0.065 

.292 I .172 
1.510 
. 555 


.024 i 
.142 i 
.087 1 
.928 
. 182 
.m 

.042 
.135 
.133 
.046 
.050 


.137 

.065 

.088 


.051 

.111 

.100 

.138 

.072 


0.121 
.554 
2.769 
.843 


.161 
.273 
.271 
1.802 
.323 
.066 
.114 
.284 
.266 
.191 
.173 


0.748 
.502 


.948 

.376 

.290 


Al¬ 

bumin! 


0.465 

.327 

.556 

.323 


.458 

.396 

.338 

.277 

.192 

.103 

.528 

.415 

.423 

.449 

.462 


Non- 

pro¬ 

tein 

nitro¬ 

gen 


0.056 
.065 
.042 
.080 
.121 
.042 
.047 
.053 
.115 
.056 
.053 
.032 
.039 
.045 
.039 
.044 


Total 

nitro¬ 

gen 


0.642 
.946 
4.115 
1.74S 
.642 
.661 
.716 
.662 
3.142 
.947 
.512 
.674 
.738 
.734 
.679 
.679 


FOALS FED MEASURED QUANTITIES OF COLOSTRUM OF THEIR DAMS 


Blood serum from foal 5 
Colostrum from dam of foal 5. || 

Blood serum from foal 7 
Colostrum from dam of foal 7.|| 

jl 

Blood serum from foal 9 ®.|. 

Colostrum from dam of foal 9- (' 


0 

0.000 

0.029 i 0.068 

0.097 


0.462 

0.044 

0.603 

12 

.058 

. 094 i . 087 

.239 


.391 

.044 

.674 

1 

.393 

.351 

.744 

0.438 

.299 

.059 

1.540 

6 

. 154 

.067 

.221 

.098 



.728 

0 

.000 

.028 i .059 

.087 


.552 

.040 

.679 

12 

.115 

.227 i .095 

.437 


.449 

.031 

.967 

24 

.037 

. 229 I .069 

.335 


.471 

.034 

.840 

1 

1.128 

.964 

2.092 

1.050 

.453 

.071 

3.666 

2 

1.110 

i .884 

1.974 

1.056 

.580 

.050 

3.660 

4 

1.015 

. 45S 

1.473 

1.495 

. 635 

.017 

3.650 

6 



.878 

.278 

.638 

.050 

1.844 

0 

.002 

,054’T' .179 

. 235 


.558 

.034 

.827 

12 

.118 

. 108 ! .127 

.353 


.515 

.034 

.902 

24 

.037 1 

.204 ! .131 

.372 


.477 

.031 

.880 

1 

.490 1 

.452 

.942 

.840 

.468 

.046 

2.297 

3 

.468 ' 

, 375 

1 

.843 

j .498 

.487 

. 043 

1.871 


FOALS RECEIVING MILK (NO COLOSTRUIM) 7 


Blood serum fromfoal 15--.. 

BiocMl serum from foa' 16---- 
Blood serum from foal 17,.-. 



0 

0.003 

0.019 

0.068 

0.090 


0. 559 

0.042 

.... 

12 

,021 

.026 

.052 

.099 


.522 

.036 

_ 

33 

.022 

.040 

.051 

.113 


.414 

,039 


0 



.149 

,230 


.497 

.028 


i 12 

.000 i 

t. 

.208 


. 505 

.022 


36 


.159 

. 1S2 


.534 

.028 



.013 

1 .024 

.088 

.124 


.412 

.035 


! 24 

.017 

j ,007 

.139 

.163 

!. 

.379 

.036 


0.691 
.657 
. 566 
.755 
.735 
.744 
.571 
.570 


1 Saekled vigorously wltbin 3 hours alter delivery, 
s Saefcled Infrequently and listlessly during first 24 hours. 

‘ Not observed between times of taking blood samples. 

* Beeeived, during the first S hours after birth, 10.3 g of colostrum globulin nitrogen. 

3 Rg 0 &ivei, daring the first 8 hours after birth, 20.9 g of colostrum globulin nitrogen, 

»Recaived, during the first 8 hours after birth, 17,1 g of colostrum globulin nitrogen. 

7 The mill: fed was a mixture of drietl cow’s milk, sugar, and water, which had a total protein concentra¬ 
tion approximating that of fresh mare's milk. 


Table 1 also indicates that for foals 7 and 9 the large increases 
obtained for the englobulin fraction within a few hours after the 
ingestion of colostrum are very transient. In each instance, at 24 
hours after birth, the euglobulm fraction had dropped to a consider¬ 
ably lower value, which, however, was greater than that observed in 
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the serum of the new-born foals. On the other hand, the pseudoglob¬ 
ulin I fraction which, within a few hours after the ingestion of colos¬ 
trum, had shown an increase comparable to that occurring in the 
euglobulin fraction, showed at 24 hours after birth, no such attendant 
decrease. 

No consistency in the fluctuations in the pseiidoglobiilin II fraction 
was observed in the foals which received colostrum. 

That such increases in serum globulins as occurred in foals 5, 7, 
and 9 do not occur when foals are fed, instead of colostrum, a product 
extremely poor in globulins, such as cow^s milk, is indicated by the 
data in table 1. Foals 15, 16, and IT were fed a mixture of dried 
cow's milk, sugar, and water which was comparable in total protein 
concentration to fresh cow's milk. In no case was there a significant 
increase in serum globulins. These foals succumbed within 2 weeks 
to one or more of the infections commonly associated the con¬ 
dition known as “navel and joint ill" in foals. Foal 4 also displayed 
at 2 weeks of age the swollen joints, acute lameness, and marked 
lassitude associated vith this condition. This last foal was the only 
one of those left vith their dams in w^hich no marked increase in 
pseudoglobulin I and in total globulins was observed. 


KIDS 

Protein analyses of sera from three kids, presented in table 2, 
indicate that serum euglobulin was present in very slight quantities 
in these animals at birth and that pseudoglobulin I was present in 
but little larger quantities. 

Table 2. —Protein analyses of blood sera from kids and of the colostrum ingested 

by one of them 

[Results are expressed as grams of nitrogen per 100 ce of original sample] 


Product analyzed and 
source 


Blood serum from kid 1, fed 
colostrum from dam ^. 


Colostrum from dam of kid 1> 


Blood serum from kid 2. fed 
120 cc sheep colostrum and 
only goat’s milk after third 
hour 3. 


Blood serum from kid 3 
allowed to suckle dam. 


Time after 
delivery 
of kid 

Globulin 1 | 

Albu¬ 

min 

Xnn- 

pro- 

tein 

nitro¬ 

gen 

Total 

nitro¬ 

gen 

Eu¬ 

globu¬ 

lin 

Pseudo-i Pseudo- 
globu- 1 globu¬ 
lin I 1 linll 

j Casein 
Total ; 

1 

Days ; Honrs 




1 




1 

0.006 

0.093 

0.177 

0.276 1. 

0. 299 

0.023 

0.598 

_! 24 

.211 

.232 

.197 

.640 !. 

.213 

. 052 

.905 


. 135 

.164 

.254 


. 130 

.067 

.750 

6 i. 

. 174 

. 157 

.185 

.516 i. 

. 162 

.088 

.766 

. 13 i.- 

.105 

.136 

.165 

.40f) i. 

.340 

.066 

.812 

_1 1 

.530 

0.4 

54 

1.2S4 ' 0.992 

I . IDS 1 

. 176 ! 

2.560 

_1 16 

.141 


46 

.287 ; .539 

1 .062 

.112 1 

1000 

._i 24 

1 .04S 

.060 

.108 : .500 

I .077 

.084 i 

.769 

L-—! 0 

! .003 

.075 

.076 

.154 ;. 

1 .410 

.087 

.651 

.i 24 

.042 

.084 

.041 

.167 L-. 

! .390 

.OfiS 

! .625 

3 1_ 

.033 

,085 

.043 

.161 . 

! .374 

.051 

i .586 


.023 

.037 

. 115 

. 175 _ 

! .:i37 

.051 

' .563 

1 20 1.. 

.076 

.025 

.109 

.210 1. 

1 .539 

.043 

j .792 

(. 0 

,024 

,039 

.114 

. 177 1. 

! .405 

.095 

.677 

.! 24 

.163 

.341 

.032 

.536 1. 

i .283 

.103 

i .922 

3 !. 

.125 

.173 

.090 

.388 i. 

; .316 

.059 

! ,763 

6 i_ 

.084 

.146 

.117 

.347 i. 

: . 375 

.059 

! .781 

i 20 _ 

.063 

.111 

.102 

.276 ;. 

1 .468 

.059 

1 .803 


5 Received during first 24 hours 15.2 g total nitrogen of which 7.7 g were from colostrum slobulins. 
3 Received during first 24 hours 6.6 g total nitrogen of which 2 g were from colostrum globulins. 


Twenty-four hours after the ingestion of the first goat ^ colostrum 
by kids 1 and 3, the sera from these kids contained relatively large 
quantities of euglobulin and greatly increased quantities of pseudo¬ 
globulin 1. This sharp rise in these two fractions was followed by a 
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gradual decrease in the concentration of both protein fractions in 
the blood of the animals during the time each was observed, which 
was 13 days in one case and 20 days in the other 

Although Idd 2 received no goat colostrura, it was fed a small 
quantity "of ewe^s colostrum. The increases in eiiglobuiin, pseudo- 
globulin I, and total globulins at the end of 24 hours may or may not 
be significant of absorption of globulin from the ewe^s colostrum. 
The quantity of ewe^s colostrum available for feeding tliis a.aimal 
was iiisiiffieient for conclusive results in regard to the possibility of 
absorption of heterologous globulins as detected by the technique 
used. There are, how'ever, observations in this laboratory that the 
new-born of one species can absorb certain proteins of another species 
in considerable quantities. This absorption of foreign protein has 
already been demonstrated by immunological reactions. Kesults 
obtained by the writer indicate that under certain conditions the 
absorption may be an extensive gross absorption demonstrable by 
chemical analvsis. 

LAMBS 

Table 3 shows the protein analyses of the blood sera of the lambs 
used in this study, and of the colostrum ingested. 

The blood of the four new-born lambs that were allowed to suckle 
their dams contained no significant quantity of euglobulin and only 
very small quantities of pseudoglobulin L Within 24 hours after 
birth, however, large quantities of euglobulin appeared, and there 
was a sharp increase in the pseudoglobulin I fraction. These increases 
were followed by a subsequent gradual decrease in the same fractions 
and in total globulins during the time the lambs were studied. 

Of the two lambs which were fed cow’s milk instead of colostrum, 
lamb 39-JS was fed a 20-percent dried-milk mixture with a total 
protein content comparable to that of ewe’s milk. Analyses of the 
blood serum indicated, at the end of the first 18 hours, a slight decrease 
m total globulin and in total nitrogen vfith approximately no change 
in the globulin-albumin ratio. Lamb 37-JH was fed a 66-percent 
dried-milk mixture comparable to colostrum in total protein concen¬ 
tration. The blood serum of this animal, after 26 hours, showed a 
slight increase in globulins and a small increase in the globulin- 
albimiin ratio, which, however, was not comparable to the great 
increase in the globulin-albumin ratios in those animals which received 
colostrum. 
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Table 3.— Protein analyses of hlood sera from lambs and of colostrum ingested hij 

them 


[Results are expressed as grams of nitrogen per 109 cc of original sample] 
LAMBS ALLOWED TO SUCKLE THEIR DAAIS 


Globulin 


Non- 


Product analyzed and source 


Blood serum from lamb 32-1. 

Colostrum from ewe 25-A, 
dam of Iamb 32-1. 

Blood serum from lamb 39-1. 

Colostrum from ewe IS-E, 
dam of lamb 39-1. 

Blood serum from Iamb 47-L 


Colostrum from ewe 23-B, 
dam of lamb 47-L 


Blood serum from lamb 53-1 


Colostrum from ewe 17-G, 
dam of lamb 53-1. 


Time after 
delivery of 
lamb 

Eu- 

globu- 

lin 

Pseudo- 
globu¬ 
lin I 

Pseudo- 
globu¬ 
lin II 

Total 

C asein 

Albii- 

min 

pro¬ 

tein 

nitro¬ 

gen 

Tntal 

nitro¬ 

gen 

Days 

Hours 









0 

0.000 

0.047 

0.062 

p 

1 


0, 441 

0. (!67 

0.617 

f—- 

24 

.285 

.233 

.083 

.601 


. 267 

.074 

.941 

■! 0 









.832 



.149 

.140 

.084 

. 373 


. 375 

. 067 

.815 

1 10 


,om 

. 125 

.0,87 

.280 


.447 

. 085 

.812 

- 

0.5 

.718 

0.472 

1. 390 

1.117 

.553 

. 107 

2.967 


24 

.243 

.172 

.415 

. 709 

. 257 

. 100 

1.550 


0 

.003 

.064 

.092 

.159 


.318 

.079 

.556 


24 

.316 

.218 

.123 

.657 


.261 

.084 

1.002 

i 


.201 

. 250 

.077 



,292 

091 

. 911 

1 ^ 


.167 

.233 

.110 

.510 


.349 

.051 

.910 

1 35 


.085 

.107 

.338 

. 330 


,486 

.044 

.860 

f. 

0.5 

I 1.738 

. 525 

2.263 

1 i.205 

! . 282 

.307 

i 4.0o7 

i. 

24 

i . 092 

.099 

.191 

1 .744 

. 155 

‘ . 186 

‘ 1.276 


0 

1 .000 

.054 

.152 

. 200 


; . 406 

. 040 

; , 652 


24 

i . 322 

.248 

.051 

.621 


' . 3S5 

. 071 

; 1.077 

2 

. 

,295 

.202 

. 099 

. 596 


: .381 

. 055 

1 1.032 

4 


i .209 

.198 

.071 

.478 


. 393 

.075 

! .946 

; 10 


i . 146 

.147 

. 102 

.395 


' . 378 

.084 

j .857 

3S 


1 .080 

.111 

. 208 

.399 


; .328 

; . 062 

.789 


0.5 

.817 


"56 

1.573 

1.626 

1 .396 

.038 

3.033 


7 

.595 

. 199 

i .794 

! 1.094 

I .297 

; .239 

2.424 


24 

.102 

.151 

! .253 

.611 

1 .036 

. 0S4 

.984 


0 

.000 

.013 

.231 

' .244 

1 



.741 


24 

.267 

.220 

.062 

' .549 

i ., 

1 .363 

1 .096 ; 

1.008 

2 


.190 

.179 

. Ill 

! .480 


i . 369 

1 .084 

.933 

5 


.153 

.180 

. 112 

. 445 


i.- 


1 .883 

11 


.130 

.143 

.096 

.369 


.440 

' .065 i 

.874 

18 


.093 

.131 

.103 

.327 


1 .459 

^ . 070 i 

1 .856 


0.5 

.980 

.730 

1. 730 i 

1.556 i 

1 .540 

! . 256 i 

1 4.062 

2 


.476 1 

.003 

.479 

.676 1 

.101 

. 336 

1.392 


LAMBS RECEIVING MILK (NO COLOSTRUM) 


Blood serum from lamb 
39-JS.i 

Milk mixture fed to lamb 
.39-18_ 

!::::: 

1 1 0.006 
18 ; . 004 

0.084 

.047 

0 098 
.114 

1 ; ; j 

0.18S i.i 0.457 ; 0.055 0.7CH} 

. 165 .1 .388 : . 041 : . 594 

.'.:.'., .860 

Blood serum from lamb !. 

37-JH 2__fj- 

Milk mixture fed to Iamb i' 

1 i .043 

26 i .052 1 

47 ! .012 i 

1 .018 1 
.020 i 

.064 i 

.086 
.107 
! .123 

.147 .! ,396 i .054 : .597 

1 .179:.i ..348' .082 i .609 

1 .199 .: .425 , .032 .656 


I Received during first 12 hours after birth 3.42 g total nitrogen in a 20-percent mixture of dried cow’s 
milk in water. 

- Received during first 20 hours after birth 20.S g total nitrogen in a 5G-percent mixture of dried cow’s 
milk in water. 
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PIGS 

Table 4 presents the results of protein analyses of sera from four 
pigs. Sera from these animals at birth contained very small quanti¬ 
ties of the globulin fractions. In pig 2, which ingested only milk and 
wliich was bled shortly after birth and again 2 days later, there was 
no marked increase in any of these fractions. All the animals, except 
pig 13, died on the thii-d day. Within 24 hours after the birth of this 
pig the total globulins in the serum were about six times as great 
as those in the serum of new-born animals. This was due largely to 
the increase m euglobulin. There was a decrease in this large pro¬ 
portion of euglobulin during the 12 days in which the pig was observed. 


Table 4. —Protein anahjses of blood sera from 4 of the same litteVj and of 

colostrum from the dam 

[Results are e.xpressed in grams of nitrogen per 100 cc of original sample] 


Product analyzed and source 

Time after 
delivery of 
pig 

Eu- 

globu- 

lin 

Glo 

Pseudo- 
globu¬ 
lin I 

bulin 

Pseudo- 
globu¬ 
lin II 

Total 

Casein 

Albu¬ 

min 

Non- 

pro¬ 

tein 

nitro¬ 

gen 

Total 

nitro¬ 

gen 

Blood serum from piss 











plac«<i with sow farrowed 











8 days previously: 

Days 

Hours 





1 




Pig 2.' 

f . 


0.031 

0.040 

0.062 

0.133 




0.460 

1 2 


.035 

.039 

.103 

.177 


0.191 

0.121 

,489 

Pip 4. 


24 

.013 

.080 

.081 

.174 


. 162 

.149 

.485 

Blood'serum from pips al¬ 











lowed to suckle dam: 











Pip 1. 



.017 

.061 

.060 

. 138 


.123 

.188 

.449 


i_ 

24 

.007 

.177 

.072 

1 .856 


.207 

.106 

1.169 

Pip 13. 



.295 

. 199 

.087 

. 581 




.923 


1 12 


.168 

.201 

.097 

.466 



.052 

1.002 

Colostrum from dam suck¬ 










led by pig 13.. 

1 


1 

1.680 

0.541 

i 

2.221 

1.234 

.457 

.242 

4.154 


The serum of the new-born pigs differed from the serum of the new¬ 
born of the other species in its remarkably liigh nonprotein nitrogen 
content. Kesults obtained from the pigs during the first 2 days after 
birth and before the ingestion of colostrum indicated approximately 
25 percent or more of total serum nitrogen to be in the form of non¬ 
protein nitrogen. 

CONCLUSIONS 

From the data presented in this paper it is concluded that the effect 
of colostrum^ ingestion on the serum proteins of young foals, kids, 
lambs, and pigs^ is similar to that observed by Howe in calves, in that 
after the ingestion of colostrum there is a striking rise in the concen¬ 
tration of total nitrogen, which rise is occasioned by large increases 
in the euglobulin and pseudoglobulin I fractions. The author further 
concludes from the work here reported that young foals, kids, lambs, 
and pigs which are fed homologous colostrum during the first 24 to 
48 hours after birth absorb, from the colostrum ingested, euglobulin 
md pseudoglobulin I. It seems highly probable that absorption of 
iiHMime substances takes place largely through absorption of the 
globulins with which they are so closely associated. 

a project nonceine^ with the use of mfik substitutes and sup- 
.plcmenfe "in the feeding of orphan farm animals, it appears that 
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any program for feeding these new-born animals should include either 
homologous colostrum or some substitute from which the new-born 
animals may absorb either the protective substances ordinarily sup¬ 
plied in the colostrum, or their equivalent. There is the possibility 
that the absorption of certain types of globulins in which the serum 
is deficient at birth may enable the young animal to elaborate its own 
antibodies. 

SUMMARY 

Eesults of studies of the protein fractions of sera from 10 foals, 
3 kids, 6 lambs, and 4 pigs indicate that in each of the four species, 
the serum of the new-born animal is deficient in the euglobulin frac¬ 
tion of the serum proteins. In eveiy instance pseudoglobulin I was 
present but only in veiy small quantities. 

In those animals which received no colostrum from their respective 
dams there was little or no increase in serum globulins during the 
period of observation, with the exception of one kid whose serum 
contained increased globuhns on the twentieth day after birth. 

In the young foals, kids, lambs, and the one pig known to have 
received colostrum from their respective dams, there was a marked 
increase in total serum nitrogen within 24 hours after birth. This 
change resulted from increases in euglobulin and in pseudoglobulin I 
in the serum. There was a decrease in these fractions in the animals 
studied for some days after this rise. 

It has been shown in young foals that the amount of absorption of 
euglobulin and pseudoglobulin I is related to the quantity of colos¬ 
trum globulins ingested. 
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A STUDY OF THE CAUSE OP VARIABILITY IX RESPONSE 
OF BARLEY LOOSE SMUT TO CONTROL THROUGH 
SEED TREATMENT WITH SURFACE DISINFECTANTS ^ 


By Y. F. Tapke 

Pathologist^ Dii'ision of Cereal Crops and Diseases^ Bureau of Plant Indusirij^ 
United States Department of Agriculture 

INTRODUCTION 

The present inyestigation was undertaken to discover the factor or 
factors involved in the variability of response of barley loose smut to 
control through treatment of the seed with surface disinfectants. 

Previous to Johnson s report in 1914 (13) ^ it seemingly had been 
well established that the fungus causing loose smut {Ustilago nuda 
(Jens.) Kell, and Sw.) in barley {Hordeum milgare L.) was controllable 
through seed disinfection only by the application of a prolonged and 
deeply penetrating treatment like the modified hot-water method of 
Freeman and Johnson (J). Since 1914, however, and especially in 
the past 10 years, it has been repeatedly demonstrated in the United 
States that the treatment of naturally inoculated barley seed vuth 
surface disinfectants such as formaldehyde solution and certain 
organic mercury solutions and dusts may completely control loose 
smut, reduce it, or fail to effect any appreciable reduction (Id, W, 
23, 27, 31, 32), In the absence of a knowledge of the factor or 
factors involved in the variable responses of barley loose smut to 
control through seed treatment with surface disinfectants, it has not 
seemed advisable, however, to recommend these easily applied 
remedies. 

The modified hot-water bath has seemed the only certain method 
for controlling loose smut in barley through seed treatment.^ This 
treatment is so difficult to apply, however, and frequently so injurious 
to germination that it rarely has been used by farmers. Therefore, 
no practical measure for controlling loose smut of barley through seed 
treatment has been available. The results of studies establishing the 
factor responsible for the varying effectiveness of seed surface disin¬ 
fectants in barley loose smut control are presented in the following 
pages. 

REVIEW OF PREVIOUS INVESTIGATIONS 

A detailed review of early investigations of the life history and 
control of Usiilago nuda has been given by Tisdale and Tapke (30), 
Since its description in 1889 {15) this fungus has been considered the 
sole pathogene causing loose smut in barley. It was shown that the 
loosely held spores from smutty heads are blown, w^ashed, or carried 
by insects to the flowers of normal heads when the glumes are open 
at blooming. Except under arid conditions, as has more recently 
been demonstrated (25), these spores soon germinate, producing 
hyphae that grow directly into and deeply within the developing 
seeds. The fungus remains dormant withm the seeds until they are 

^ Received for publication Apr. 26,1935; issued December 1935. 

2 Reference is made by number (italic) to Literature Cited, p. 506. 
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it reTives as the seeds germinate and grows up^ through, the 
YOung plants, causing the smutty heads. Two other items having 
an iiiiportant bearing on the present investigation also should be 
noted. It was definitely established by 1914 that (1) ^U. nuda is 
strictly a floral-infectiiig*^smut and is incapable of producing smutted 
plants from mature barley seed inoculated with smut spores {1, 2, 5, 
10, 21)y and (2) the deeply embedded fungus in infected seed from 
inoculated flowers is not controlled b}" treating the seed with surface 
disinfectants. A prolonged and deeply penetrating seed treatment 
like the modified hot-water method of Freeman and Johnson (5) is 
necessary to effect control. Reports emanating from countries other 
than the United States apparently still are in agreement with the facts 
of life history and control as just cited. 

Beginning with Johnson h report in 1914 {13), however, the findings 
of investigators in this country frequently have failed to parallel those 
of the early workers. Relative to infection, Tisdale and Tapke {30) 
in 1924 obtained from 52.5 to 100 percent of smutted plants in the 
varieties Alaska, Greece, Han River, Texas Winter, and Wisconsin 
Winter as a result of applying loose smut spores to mature seed from 
which the hulls had been removed. A few years later Tisdale and 
Griffiths (29) used 32 different collections of loose smut to inoculate 
dehulled seed of Tennessee Winter and Hannchen barley. Most of 
the collections produced high percentages of smutted plants in 
Tennessee W'inter or in both of the varieties. Six collections, however, 
were unable to produce smutted heads in either of the varieties. 

Abundant proof has been furnished in the past 10 years that, at 
least under certain conditions, loose smut in barley may be controlled 
through treatment of the seed with surface disinfectants. Tisdale 
et al. {31)j using naturally inoculated seed of Cusado, Greece, Han 
River, Tennessee Winter, Texas Winter, and Wisconsin Winter 
barleys, concluded that “formaldehyde, which has been recommended 
for the control of covered smut of barley, controlled loose smut better 
than it controlled covered smut.’’ In a later test Tisdale et al. {32), 
obtained excellent control of loose smut in Cusado, Orel, Tennessee 
Winter, and Wisconsin Winter by treating the naturally inoculated 
seed with solutions of various organic mercury compounds for 15 
minutes to 1 hour. Similar results were obtained by Taylor and 
Zehner {27) in a 5-year test of Tennessee Winter and Wisconsin 
Winter grown from naturally inoculated seed immersed in a 0.3-per¬ 
cent solution of Semesan for 1 hour. In tests with dust fungicides, 
Leukel (20) obtained results indicating that control of barley loose 
smut through seed treatment with surface disinfectants is a function 
either of the host variety or of the different loose smuts associated 
with the different varieties. For example, through treatment of 
naturally inoculated seed with Ceresan or Semesan dust in 1928-29 
and again in 1929-30, he obtained excellent control in Tennessee 
Winter and Wisconsin W^inter, approximately 50 percent control in 
Orel, and only a neglimble reduction of loose smut in Esaw. This 
was the state of knowledge forming the background of the present 
study. 

METHODS OF EXPERIMENTATION 

^The experimental procedure, as shown later, was concerned chiefly 
with (1} floral and seed inoculations of barley with various collections 
'of IcKte© ismut and (2) treatment with surface disinfectants of the seed 
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from liand-inociilated flowers. It was found necessarYj however, to 
develop first a special technic in order to avoid seriouslnjiiry to seed 
viabflity from the inociilation of barley flowers as well as from the 
application of surface disinfectants to "the seed from the inoculated 
flowers. 

Freeman and Johnson (o) have shown that the period during 
which barley flowers are susceptible to infection by Vstilago nuda 
extends from the time when the pollen is still immature until the 
fertilized ovary has attained approximately one-third of its mature 
size. In the present study the floral inoculations were made well 
within the limits of this period. In the early studies inoculation was 
performed by using forceps to open the glumes (when closed flowers 
were inoculated) and to place the smut on the stigma. The smut 
was conveniently cariied in a capsule placed in a clamp on a thumb 
ring as shown in figure 1. The device is an adaptation of the handy 
pollen carrier devised by Leighty and Sando (19), Previous experi¬ 
ence wdth this method had proved highly satisfactory in the inocula¬ 
tion of wheat flowers with U. tritici (24)- It was found, however, 
in the case of barley that the method was slow and tedious because 
of the difficulty in opening the interlocking glumes, and that seed 
from flowers so inoculated is shriveled, low in vitality, and highly 
susceptible to injury when treated with Ceresan dust. Zeiner (33) 
also employed a floral-inoculation method involving spreading of the 
glumes, and reported similar results relative to low seed vitality. 
Undoubtedly barley is more susceptible to injury from spreading the 
glumes than is wffieat. The inocxiiation of barley flowers without 
spreading of the glumes may be readily accomplished by clipping the 
upper portion of the spikelet, thereby bringing the stigma into viewv 
This method is objectionable because the removal of the awns 
adversely affects kernel development, as shown by Harlan and 
Anthony (7). 

A method of inoculation was evolved, however, that produced 
satisfactory results. It consists in dipping the pointed tips of forceps 
in the spore dust contained in the capsifle of the thumb ring (fig. 1), 
then using the tips to pierce the central portion of one of the glumes 
and to insert inoculum on the stigma. By letting the inserted forceps 
expand slightly, the glume aperture is widened and the stigma is 
brought into view. If the tips of the forceps are spread slightly wiien 
placed in the spore dust and then pressed together, a considerable 
amount of inoculum is squeezed into the corrugations of the inner 
faces of the tips. This may be gradually deposited on the stigmas of 
from 5 to 10 successive flowers and results in a marked speeding of 
the work, reducing the time of inoculating a flow^er to but little more 
' than that consumed in puncturing a glume. Seed developed from 
flowers thus inoculated was as plump and viable as that from unin- 
ociilated flow^ers. It was found, however, that the seed from inocii- 
lated flowmrs stiU was susceptible to injury wffien treated with Ceresan 
but was apparently wholly uninjured when immersed for 60 to 90 
minutes in a formaldehyde solution containing 1 part of a 37- to 
40-percent formaldehyde solution in 320 parts of water, followed by 
a thorough rinse in water. As noted later, there was need for an 
effective and noninjurious medium to disinfect the surface and near- 
surface parts of some of the seed from inoculated flowers. The modi- 
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fied inetliod of inoculation and tlie forinaldehjde seed treatment just 
described were adopted after the first experiment. (See table 1.) 

In the use of the modified inoculation method it is distinctly advan¬ 
tageous to sift the smut thi'ough a 40-mesh sieve after its removal 
from the head. This process removes extraneous material and 
facilitates the handling of the inoculum. It is also an aid in determin¬ 
ing the exact color of the mass of smut spores, the importance of 
which is shown later. 



rifiUEK L—Hmdy device for me in inoculating barley flowers with loose smut. It consists of a thumb 
rsng with a side clamp to hold a eapsule^containing the inoculum. The knob on top of the ring holds the 
iip^r pwt of the capsule when the device is in use. (Adaptation of a pollen carrier devised by Leighty 


In addition to speed and apparent lack of interference with normal 
seed development, the above-described method has the following 
advantages. (1) Different collections of smut may be conveniently 
carried to the field in individual capsules placed in envelops appro¬ 
priately labeled. (In making the change from one collection of 
inoculum to another, only a few seconds are required to replace a 
capsule in the clamp of the thumb ring and to disinfect the forceps 
by naming after immersion in alcohol.) (2) The insertion of inocu- 
luiii only on the sticky stigma reduces to a minimum the chances of 
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contaminating flowers of adjacent heads with errant spores from the 
collection in use. (3) The small amounts of inoculum usually re¬ 
ceived from collectors may be used to advantage because none of the 
smut is wasted. 

EXPERIMENTAL RESULTS 

A test of two lots of barley in 1929 had shown that treatment of 
the naturally inociflated seed with Ceresan dust controlled the loose 
smut in a lot of Wisconsin Pedigree No. 5 from Wisconsin^ but only 
slightly reduced it in a lot of Featherston from New York. These 
tw^'o varieties and the loose smuts collected from them were used in 
the following experiment conducted at the Arlington Experiment 
Farm, Rosslyn, Va., near Washington, D. C., to determine whether 
success or failure in obtaining control through surface disinfection 
of the seed might be traceable to the smuts or to the barley varieties 
concerned. In xApril 1930, flowers and seeds of the Wisconsin Pedi¬ 
gree No. 5 in vaiious stages of development, as shown in table 1, 
were inoculated by hand with smut from each of the two varieties. 
Featherston was similarly inoculated. The plants bearing the flow'ers 
that were inoculated were grown from seed treated by the modified 
hot-water method and were smut-free and growm in a greenhouse 
that contained no smutted plants. The loose smut used to inoculate 
the flowers was fresh material collected from plants grown in another 
greenhouse from untreated seed of the same two lots. The seed 
collected from the inoculated heads was then sown in a greenhouse 
in the autunm of 1930. The results shown in table 1 were obtained 
in the spring of 1931. 

Table 1. —Control of loose smut in barley as influenced by the varietal source of 
inoculum, variety inoculated, stage of anthesis at inoculation, and treatment of the 
seed with Ceresan in 19S0-S1 


Collec¬ 
tion no. 
of in¬ 
oculum 


100.. 


101 . 


Variety from 
wMch inoculum 
was obtained 


Variety Stage of anthesis at 

inoculated i inoculation 


Featherston. 


Featherston. 

_do.. 

. 

\ Wisconsin Pedi¬ 
gree No. 5. 

....do. 


f Wisconsin Pedi- 
\ gree No. 5. 


—do...... 

Featherston. 

_do.. 

-.-.-do. 

sconsin 
sEtree No, 5. 

....do. 


Pollen green. 

/Pollen ripe, flowers in 
\ bloom. 

/Pollen shed, ovaries 
I developed. 

I Pollen green... 

/Pollen ripe, flowers in 
\ bloom. 

/Pdlen shed, ovaries 
\ <ievelop6d. 

Pollen green. 


/Pollen ripe, flowers in 
1 bloom. 

/Pollen shed, ovaries 
I developed. 

jpollen green.. 

! /Pollen ripe, flowers in 
\ bloom. 

/Pollen shed, ovaries 
\ developed. 


Seed (from 
inoculated 
flowers) un¬ 
treated or 
treated withj 
Ceresan 


/Untreated- 
\Treated.-- 
dUntreated- 
iTreated-- 
jUntreated- 
ilTreated-- 
JUntreated- 
\Treated... 
/Untreated. 
iTreated... 
/Untreated- 
,\Treated.._ 
j/Untreated, 
j\Treated.-- 
/Untreated. 
ITreated... 
/Untreated. 
[Treated-.- 
JUntreated- 
[Treated... 
fUntreated- 
iTreated... 
JUntreated- 
[Treated_ 


I 


Total 
num¬ 
ber of 
plants 
in 1931 


Smutted 

plants 


Num¬ 

ber 


Per¬ 

cent 


20.4 

21.4 
33.3 
33.3 

19.5 

7.4 
16.7 
15.0 
21.0 
16.7 

7.5 
2.9 

.0 

.0 

.0 

.0 

.0 

.0 

92.6 
.0 

93.7 
.0 

93.2 

.0 


1 97 control plants of Featherston and 94 of W^iseonsin Pedigree No. 5 were smut-free, 
from untreated seed of flow^ers that were not inoculated. 

34113—35-2 


They were grown 
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The data of table 1 point to the conclusion that the smut rather 
than the host variety determines whether or not loose smut in barley 
may be controlled through surface disinfection of seed from inoculated 
flowers. Feathers ton proved immune to the ^ Wisconsin Pedigree 
No. 5 smut (collection no. 101). Wisconsin Pedigree No. 5, however, 
was Hghly susceptible to its own smut (collection no. 101), producing 
over 90 percent of smutted plants when the seed^ from inoculated 
flowers was untreated; when the seed was treated with Ceresan dust, 
complete control of loose smut was obtained. The different stages of 
anthesis at the time of floral inoculation with this smut exerted no 
influence on the degree of smuttedness in plants from untreated seed 
or on the effectiveness of seed treatment in the control of smut in 
plants from treated seed. The Ceresan seed treatment was ineffective 
on both varieties, however, when applied to seed from flowers inocu¬ 
lated in the bloom and prebloom stages with the Featherston smut 
(collection no. 100). Inoculation of the flowers with this^ smut 
shortly after blooming, i. e., when the ovaries were beginning to 
enlarge, resulted in a decrease in the percentage of smutted plants 
and an increase in the efiectiveness of seed treatment. These results 
with the Featherston smut with respect to stage of anthesis at inocula¬ 
tion parallel those obtained by Freeman and Johnson (J) with 
UstUago nuda. 

In 1931 and 1932 experiments were conducted in the spring to 
determine the ability of the Featherston and Wisconsin Pedigree No. 5 
smuts to produce smutted plants as a result of applying smut spores 
to mature barley seed. In 1931 seed of Alpha, Featherston, and 
Wisconsin Pedigree No. 5 barleys was inoculated with each of the 
t-wo smuts collected from its respective variety (collections nos. 100 
and 101). ^ In 1932 these smuts again were used, but in most instances, 
as shown in table 2, they were collected from varieties other than those 
from which they were collected in 1931. This was done to determine 
any possible influence of the host variety on the pathogenicity of 
the causal fungus. Eesults obtained by Tisdale and Griffiths (^9) had 
led them to suspect a relation of this kind. In 1932, seed of the 3 
varieties used in 1931 and of 7 or 8 additional varieties was inoculated 
with each of the smut collections (nos. 100 and 101). Also in 1932, 
seed of Esaw barley was inoculated with the smut (collection no. 106) 
that naturally occurs on and usually severely attacks this variety at 
the Arlington farm. Previous tests by Leukel (20) had shown that 
treatment of the naturally inoculated Esaw seed with Ceresan or 
Semesan dusts was ineffective in smut control. In both 1931 and 
1932 the seed either was obtained from plants imexposed to smut or 
ivas treated by the modified hot-water method. FoUowing removal 
of the hulls, the seed was blackened with smut spores and immediately 
sown in moderately moistened soil in deep flats. The soil was main¬ 
tained at temperatures close to 21® C. until the seedlings emerged; 
then the plmts in the flats were placed outdoors to complete growth. 
The collections of inoculum were obtained from plants growm in the 
greenhouse and in no case were more than 1 month old when applied 
to the seed. ^ All of them proved highly viable in germination tests 
the time the seed was sown. Eesults of the test are presented in 
table' 2, 
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T. 4 .BLB 2 .—Incidence of loose smut in varieties of barley as a result of inoculating 
mature seed with 3 loose smut collections 


Collec¬ 
tion no. 
of in¬ 
oculum 

Variety from which inoculum w’as 
obtained in— 

Varieties inoculated (in¬ 
oculum applied to ma¬ 
ture seed*) 

Y ear of 
test 

Total 

Smutted 

plants 

1931 

1932 

her of 
plants 

Num¬ 

ber 

Per¬ 

cent 




Alpha. 

1931 

89 

0 

0.0 




Featherston_ 

1931 

87 

0 

.0 




Wisconsin Pedigree No. 5._ 

1931 

80 

0 

.0 



Featherston_ 

Alpha.. 

1932 

78 

0 

.0 



_do__ 

Black Barbless- _ - - - 

1932 

54 

(J 

.0 



_do.. 

Colsess..... 

1932 

34 

0 

.0 



—do-- 

Featherston.... 

1932 

104 

0 

.0 



_do.. 

Glabron_ _ 

1932 

24 

0 

.0 

100_ 

Featherston. 

<..„do.. 

Hannchen___ 

1932 

56 

0 

.0 



-..—do..—,. 

Nepal_ _ - . 

1932 

114 

0 

.0 



_do.. 

Spartan__ __ 

1932 

44 

G 

.0 



—do.— 

Trebi. 

1932 

64 

0 

.0 



_do. 

Wisconsin Pedigree No. 5-] 

1932 

122 ; 

0 

.0 



Wisconsin Pedi- 

Alpha....! 

1932 1 

76 ■ 

0 

.0 



gree No. 5. 








_do.. 

Featherston....j 

1932 ' 

114 i 

0 

.0 



—do. 

Wisconsin Pedigree No. 5—! 

1932 

I 104 1 

0 

,0 




Alpha_ 

1931 

1 117 ^ 

1 100 1 

85.5 




Featherston..-.j 

1931 

i 82 

9 ^ 

11.0 




Wisconsin Pedigree No. 5._ 

1931 

i 79 

73 ' 

92.4 



Alpha_' 

Alpha.....; 

1932 

s 76 

62 

81.6 




Black Barbless.i 

1932 ; 

1 26 

4 

15.4 



_do_ 

Colsess___1 

! 1932 

12 

4 

33.3 

101. 

/Wisconsin Pedi- 

_do_ 

Esaw__; 

1932 j 

156 ’ 

6 

3.8 

\ gree No. 5. 

'_do_ 

Featherston__i 

1932 * 

70 ' 

12 

17.1 


_do_ 

Glabron_ 

1932 i 

6 

0 , 

.0 



_do_ 

Hannchen_ 

1932 i 

40 

36 1 

90.0 



_do.. 

Nepal_‘ 

1932 i 

58 

0 , 

.0 


i 

_do_i 

Spartan_i 

1932 i 

12 

0 

.0 



_do.. 

Trebi..j 

( 1932 ' 

60 

60 j 

i mo 



_do.i 

Wisconsin Pedigree No. 5..I 

; 1932 i 

! 112 1 

107 1 

! 95.5 

106. 



Esaw_i 

1932 i 

147 1 

0 t 

.0 



Esaw __ - j 


1 

’ 5 

i 



1 Control plants from uninociilated seed of each of the varieties used in 1931 and 1932 also were grown and 
W'ere unsmutted. In each year the number of control plants of each variety was equal to or slightly greater 
than the number of plants of the same variety grown from seed inoculated with smut collection no. 101. 


The data of table 2 give further proof of fundamental differences 
relative to infection between the Featherston (collection no. 100) and 
Wisconsin Pedigree No, 5 (collection no. 101) smuts. In no case 
was the former able to produce smutted plants as a result of seed 
inoculation. The latter, on the other^ hand, produced^ smutted 
plants in 11 of the 14 tests involving 11 different barley varieties, the 
percentage of smutted plants in one case reaching 100. The Esaw 
(collection no. 106) smut produced results similar to those of the 
Featherston smut. 

It is evident from the data of table 2 that the host varieties from 
which the smuts were collected exerted no noticeable influence on 
the subsequent pathogenicity of any of the smut collections. 

The failure of the Featherston (collection no. 100) and Esaw (col¬ 
lection no. 106) smuts to produce smutted plants as a resiilt of seed 
inoculation in this expeiiment was not due to a lack of viability or 
vitahty. The same collecticns were again used several months 
later (in June) at Ithaca, N. Y., in floral inoculations of most of the 
varieties that were seed-inoculated in the foregoing experiment.^ The 
high percentages of smut in plants grown from seed from the inocu¬ 
lated flowers (table 4) show that the collections were viable. 

Evidence leading to definite proof that two specifically distiact 
loose smut fungi were responsible for the results previously noted 
was obtained in an experiment conducted in the spring of 1932. 
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Seed of eight lots of uatui’ally inoculated Alpha barley was treated 
for l b hours in a solution of part foi-maldehyde in 320 parts of 
water, then thoroughly rinsed in water and so%to at the Arlington 
farm. At the same time untreated seed of each of the lots also 
was soNvn. The lots were collected in 1931 from fields in various 
parts of New York in which the incidence of loose smut was rela- 
tivelv high. YTien the plants headed, it was observed, as shown 
in table 3, (1) that some of the smutted heads were olivaceous brown 
w hil e others were dark chocolate-brown and (2) that the formalde¬ 
hyde seed treatment effectively controlled the dark-brown smut 
but was ineffective in the control of the olivaceous-brown smut. 

Table 3.— Incidence and color of loose smut heads in 8 lots of naturally inoculated 
Alpha barlefj from Xew Yorkj grown from seed untreated or treated for 1}^ hours 
in a 1 to 320 formaldehyde solution 


Seed untreated; 
Seed lot : or treated with i 
no. ' formaldehyde j 
solution i 


8 


, : frntreated-..- 
^ ;\Treated. 

fy ; f "L* 

“ !'iTreated. 

n 'fUntreated.... 

i'I Treated.. 

. if Uncreated.... 
i'i Treated- 


fUntreated- 
ilTreated.... 
ft I/Untreated-. 
® llTreated.— 
7 Untreated. . 

iTreated_ 

('Untreated.. 
ITreated_ 


Total i Smutted heads ■ 

iium- I_! Color of spore mass of loose smut 

ber of ■' f i heads 

heads Number ; Percent ! 


Smut 

collec¬ 

tion 

no. 


332 

284 

222 

253 

244 

267 

194 
240 

195 
266 
189 
240 
195 
228 


169 

219 



! 



118 

1. 


Dark brown_ . ___ 

119 


Dark brown... .. 

120 


1 Dark brown___ 

121 


i Dark brown. 

122 


12 dark brown; 5 olivaceous brown... 
Olivaceous brown_ 

123 
126 

124 

Dark brown_ . _ _ . 


! 7 dark brown; 2 olivaceous brown. 

j Olivaceous brown__ 

" "125 
127 

1 


Table 3 shows that the formaldeliyde treatment completely eradi¬ 
cated the dark-bro'VTO smut in all seed lots. In seed lots 6 and 8, in 
wliich both smuts were present, only the oliyaceous-brown smut 
appeared in plants from treated seed. The data in table 3, there¬ 
fore, giue substantial support to those in table 1 in showing that the 
reaction of barley to seed treatment with a surface disinfectant is a 
function not of the host variety but of the smut or smuts carried by 
the seed. ^ 

^ Following the collection of the data presented in table 3, an inspec¬ 
tion of the color of the smut collections used in previous experiments 
(tables 1 and 2) was made. It was found that the Featherston and 
Esaw smuts (collections nos. 100 and 106, respectively) were oli¬ 
vaceous brown and that the Wisconsin Pedigree No. 5 smut (collec¬ 
tion no. 101) was a distinctly darker brown, almost black, and that 
these color differences in spore mass held true regardless of the last 
variety front W’hich the smut was collected. 

At this time, results showing further striking differences also 
were obtained from studies of the Featherston and Wisconsin Pedi¬ 
gree No. 5 smuts and from studies of other olivaceous-brown and 
dark-broTO collectioas, apart from the host plants. It was found 
that the olivaceous-brown-spored loose smut undoubtedly was the 
one referred to as Ustilago nuda (or one of its synonyms) in the 
reports of Jensen {12)j Kellerman and Swingle (15), Maddox (21), 
Irefeld (1), Brefeld and Falck (2), Hecke (8, 9), Hori (10), Broili (3), 




































Control of Barley Loose Smut Through Seed Treatments 


PLATE 1 



Of Alpha tmhy intern by (A) mUagonuda and (B) U. nigra, showing the darker color and 
(Ksinf^tness of the sort of the latter. Heads of Alpha barley infected bv U nuda (C) and 
^ of. the peridium. At this stole Se tSordiffere^^^^^ 

irteted by tto two loo^^ s^ts of barley is not readily distingaisliable. Spore masses of XJ. nuda (E) 
and b. mm (F), showing the darker appearance of the latter! «««« 
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aiid Freeman and Jolinson (p), because it conformed to tiie descrip¬ 
tions ^of fcliese early workers in regard to size, colors and ecliiniilate 
markings of spores, spore germination by production of a proiny- 
celium that does not bear sporidia, and ability to infect^tlie host only 
through the flow^ers with subsequent hyphal penetration so deeply 
witliin the seed that the fimgus is able to survive the action of seed- 
surface disinfectants. On the other hand, in addition to the dis- 
tinguislmg characters of the dark-brovm loose smut previously 
noted, i. e., the darker color of its spores, its abihty to produce seed¬ 
ling as well as floral infection, and its inabilit}^ to survive the Ceresan 
dust and liquid formaldehyde treatments applied to seed from 
inoculated flovrers, it was found that its chlamydospores are larger 
than those of Ustilago nuda and that on certain media they germinate 
by producing a promycelium bearing t3rpicaUy four lateral sporidia. 
Its chlamydospores, like those of U, niida^ are echinulate. 

In an earlier paper the writer {26) proposed the name Ustilago 
nigra for this newly described darker spored loose smut. A compari¬ 
son of the color of the spore masses of U. nuda and U. nigra and of 
the appearance of heads of Alpha barley affected with these smuts is 
shown in plate 1. The terms “brown” and “black” loose smuts of 
barley are proposed for U. nuda and U, nigra, respectivefy. 

The foregoing studies on control of the two loose smuts of barley 
through surface disinfection of seed from inoculated flowers (tables 1 
and 3) were restricted in regard to the number of host varieties and 
smut collections used. However, in 1932 and 1933, new collections 
were incorporated in further tests. In an experiment begun in the 
spring of 1932 at the Arlington farm and at Ithaca, N. Y., 22 smut 
collections from four States and 11 barley varieties were employed, 
as showm in table 4. Flowers of field-grown plants were inoculated 
by hand at or close to the blooming period. Seed from the inoculated 
flowers was collected at maturity and a part of each of the different 
lots was treated with formaldehyde solution (1 to 320) for 1 hour, 
then thoroughly rinsed m water and spread to dry for several days. 
Untreated and treated portions of each lot then were sown m a 
greenhouse at the Arlington farm in the autumn of 1932, At 
heading time in the spring of 1933, both ohvaceous-brown {Ustilago 
nuda) and dark-brown (U. nigra) smut heads appeared in many of the 
lots. Evidently the smut collections used in the floral inoculation 
of such lots were mixed cultures of both species. Examination of the 
color and germination tests of remnant portions of the collections 
used in the floral inoculations confirmed this view. Soon after 
emergence, therefore, all of the smut heads were individually bagged. 
Later, when the heads were collected the olivaceous-brown and dark- 
brown heads from each of the various smut collections on each of the 
different varieties were sorted. Spores then were picked from a repre¬ 
sentative number of heads of each of the sorted lots and germinated 
on 2-percent potato-dextrose agar at approximately 21° C. in order to 
verify the species. On this medium the chlamydospores of fJ. %igm 
germinate and produce a promycelium bearing usually four lateral 
sporidia, and the chlamydospores of U. nuda produce a promycelium 
without sporidia. The species collected from smutted plants from 
the various lots of untreated and treated seed, as so determined, are 
included in the data on control presented in table 4. 
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Table 4. —Conlrvl of Udilngo iroda and U. nigra in plants of 11 varieties of barley 

from .^ad from jloivers inocnlaied hif hand with 1 or more of 22 collections 
(floosfi srnidfro'in rarious mrieiies and localities in the United States 

[Seed iistreated or immersed for 1 hour in a solution of 1 part of formaldehyde in 320 parts of water] 


Smut' 
iiiliec- “ 
t;oG ' 
no. 


‘ Variety and loeality from which: 
smiit was collected in 1932 ! 


Variety 


Locality 


i Seed (from 
I inoculated 

d-artoiesflorallyi fluted 0?' 

1 inoculated i trmXithi 
formalde- 

1 hyde 


Total 


[Feat hers ton. 

'_do. 


Kosfclyn, Va. 
—do. 


i Wisconsin Pedi* .do. 

No. 5. 


i.i Alpha.. 

■.do., 

.do.j 


Untreated- 

Treated™. 

Untreated- 


Smutted 

plants 


.'.do. 


,_do--^. 

Featheiston...do_■ Colsess™. 

I.do_ 

* Peatherston-— 

;.do--- 

'.do_. 


—do. 

—dt)-,.. 

|-™do. 

I Wiseonsin Pedi- 
gree No, 5. 


--do- 

.do> 

.do. 

.do- 


KA- 


101.-J. 


Il»™| 

la; j 

!(»—J 


J Featherston. 

.do. 

Glabron—.1 

[ —do. 

.do_ 


_ do-_ . 

.do— 

.do_ 

Hannchen-! 

_do.* 


.do_ 

Hepal_ 

. 

.do. 

_Ido. 

dn _ 

.do_ 

Trebi... 

.i.idoi: . 

.do_ 

_ do_ 

—do._. 

.do. 

Wisconsin Pedi- 

—do-. 


gree No. 5. 

.do. 

.do. 

.do--.. 

.do. 

Wiseonsin Win- 

,—do... 


ter. 

.do. 

.do. 

; WisTOnsin Pedi- 

.do. 

Alpha_ 

gree No. 5. 

—clo......_ 

.do.' 

_do_ 

—..do,.. 

.do., 


;_do. 

.do. 

.do—. 

....do.. 

_do_ 


— do... . 


. do._ . 

Featherston . 

. do . 

— do.. . 

_do._ .. 

. do _ ! 

.. _ do _ 

--.do. 

.do_ 

_do. 

_ do _ 


_ do,. .-s 

.do_ 


_ do . 

. do . 


_ do .. 

_ do _ 


— do . 

_ do _ i 


_ do.. .— 

_do ...—-1 

W'isoonsin No. 
38. 

_ do . 


——.do _ 

_do _ 

—do . 

. do . j 

Wiseonsin Win¬ 

_ do. . 

J 

ter. 

_ do _ ? 

do —- 

fEsaw-, ___ 

—-do . 1 

■ — do . 

---.do. _ i 

. do _ 1 

■ . do _ 1 

‘Alpha-’ .- 

. do-. .. 

Wisconsin Win- 

, --- 


i ter. 

' . do _ ' 

_ do.. . 

■ Wisconsin W'ln- 

. do . 

_._do---- _ 

:* ter. 

— do .— 

.do. 

.do... . 

;|B«rdte£sNo, 6—^ 

!.do_ 

Alpha . .' 

_ do. . 

L, _ do _ 

do 

V Alpha ... ' 

i— X:::::. 

IIIIIdoIZI-—III 

.—-do.. . 

L, — .do . 

__ do-. __ 

"U— do... .. 

_ do— - 

Wisconsin Win¬ 

t—do.....-— - 

Eowaa ... 

1 

ter, 

I — .do _ 

Ealelgh, 

N. C. 

. do . 

i Aipb*^ 

— do... . 


[ . do . 

I _ do _... 

— do..., —.. 

' MMdtebiirg, 
i Va. 

j . do.. . 

— do.. .. 

[.do_ _ 

!.do.. 

1 —do -—— 

< Hillsboro, 
Va. 

; . do . 

[—-do . 

( 

l|— — do _——— 

! . do . 


Hi*. 

113.. 

14... 

; B» Imtmte 0 end rf table. 


; Treated™ 
j Untreated, 
j Treated..- 
Untreated- 
Treated... 
I Unireated- 


Untreated- 
Treated... 
Untreated- 
Treated™ 
Untreated. 
Treated... 
Untreated. 
Treated—. 
Untreated- 

Treated—. 
Untreated- 

Treated... 

Untreated- 

Treated... 
Untreated- 
Treated... 
Untreated. 
Treated..- 
Unhreated. 
Treated... 
Untreated- 
Treated... 
Untreated- 
Treated—. 
Untreated. 
Treated... 
Untreat^-. 

Treated-.. 

Untieated-. 

Ti^ted-., 

, Untreated- 
Treated-... 
Untreated-? 

Treated..-. 

Untreated— 

Tinted.. - 
Untreated-. 
Treated— 
Untreated— 
Treated.... 
Untreated— 

i 

Treated.... 

Untreated-. 

Treated. ...i 
Untreated-i 

Timted--! 
Untareated—! 

Treated_I 


her 

of 

lants 

Num¬ 

ber 

Per¬ 

cent 

IT. nigra) 
collected from 
smutted 
heads in 1933 

38 

15 

i 

39.5 i 

U. nuda. 

24 

7 

29.2 

Do. 

23 

13 

56.5 

Do. 

38 

20 

52.6 

Do. 

24 

12 

60.0 

Do. 

36 

19 

52.8 

Do. 

23 

2 

8.7 

Do. 

46 

1 

2.2 

Do. 

23 

7 

30.4 

Do. 

41 

18 

43.9 

i Do. 

16 

2 

! 12.5 

! Do. 

36 

5 

i 13.9 

Do. 

24 

23 

1 95.8 

1 Do. 

36 

16 

1 44.4 

Do. 

9 

4 

i 44.4 

Do. 

16 

7 

! 43.8 

Do. 

21 

0 

.0 


20 

0 

.0 


33 

16 

i 48.5 

V. nuda. 

52 

6 

! 11.5 

Do. 

85 

25 

! 29.4 

Do. 

167 

23 

i 13.8 

! Do. 

29 

22 

75.9 

j JJ. nigra. 

41 

0 

.0 

\ 

20 

14 

70.0 

U. nigra. 

32 

0 

.0 


19 

9 

47.4 

U. nigra. 

31 

0 

.0 


53 

0 

.0 


73 

0 

.0 


6 

2 

33.3 

U, nigra. 

8 

0 

.0 


13 

11 

84.6 

U. nigra. 

32 

0 

,0 


40 

22 

55.0 

XJ. nigra. 

52 

0 

.0 ; 


25 

0 

.0 


41 

0 

.0 


74 

41 

55.4 

V, nigra. 

168 

0 

.0 



3 

25.0 

U. nuda. 

35 

4 

11.4 


M 

25 

46.3 

XJ. nuda. 

100 

28 

28.0 


69 

36 

52.2 

XJ. nigra. 

146 

0 

.0 i 


28 

2 

7.1 ! 

XJ. nuda. 

68 

4 

6.9 

Do. 

26 

20 

76.9 

Both species. 

28 

8 

28.6 

U. nuda. 

80 

41 

51.3 

Both species. 

168 j 

61 

3.6 

XJ. nuda. 

10 


90.0 

XJ. nigra. 

13 

0 

.0 


13 

12 i 

92.3 

Both species. 

18 

2 

11.1 

XJ. nuda. 

13 

12 ; 

92.3 

Both species. 

20 

1 1 

6.0 

XJ. nuda. 


Species of 
loose smut 
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Tablis 4. —Control of Ustilago nuda and U. nigra in plants of 11 varieties of barley 
grown from seed from flowers inoculated by hand with 1 or more of 22 collection < 
of loose smut from various varieties and localities in the United States —Continued 



Variety and locality from which 


Seed (from 


Smutted 

Species of 

Smut 

collec¬ 

tion 

smut was collected in 1932 


inoculated 

Total 

plants 

loose smut 



Varieties fiorally 
inoculated i 

flowers) un¬ 
treated or 
treated with 

niim- 



(U. nuda or 
U. nigra) 
collected from 

Variety 


her 

of 

Num- 

Per- 


Locality 


formalde- 

plants 

her 

cent 

smutted 





hyde 

.. 



heads in 1933 


Colsess. 

Rosslyn, Va. 
.do_ 

Alpha .. _ 

Untreated- 
Treated_ 

18 

6 

33.3 

Both species. 
U. nuda. 

115— 

—do__ 

do_ 

27 

6 

22.2 

_._.do. 

.do. 

Colsess_ _ . 


20 

7 

35.0 

Both species. 
U. nuda. 


.—.do. 

_do_ 

.do.... 

Treated— 

40 

7 

17.5 

116— 

'_do .. 

Watson, Va. 

Alpha. 

Untreated— 

15 

15 

100.0 

Both species. 
U. nuda. 

1—do.. 

.do.l_ 

.—.do__ 

Treated,.— 

21 

1 

4.8 


/Black Barbless.. 

Rosslyn, Va. 

_do. 

Untreated- 

JJ 

7 

100.0 

Both species. 


_...do.— 

_do_ 

.do_ 

Treated, _.. 

22 

1 

4.5 

U. nuda. 


.._.do__. 

_do_ 

Comfort_ 

Untreated— 

16 

14 

87.5 

Both species. 
U. nuda. 

117— 

_do__ 

_do_ 

.do__ 

Treated, 

30 

1 

3.3 

_do. 

_do_ 

Wisconsin Win¬ 
ter. 

_do... 

Untreated- 

81 

21 

25.9 

Both species. 


._do.. 

.do. 

Treated-.- 

168 

28 

16.7 

XJ. nuda. 

119— 


.do_ 

Alpha.. 

Untreated— 

13 

13 

100.0 

U. nigra. 

-do.. 

_do. 

.do_ 

--.r_do._. 

Treated--.. 

19 

0 

.0 


_do_ 

.do.. 

Untreated- 

42 

42 

100.0 

Xf. nigra. 

120... 

_do. 

.do_ 

_do... 

Treated,... 

42 

0 

, .0 

_do__. 

_do_ 

Comfort_ 

Untreated.. 

31 

21 

67.7 

XI. nigra. 


_do.. 

.do. 

.do.— 

Treated-- 

43 

0 

.0 

126-.. 

_do... 

_do_ 

Alpha.. 

Untreated-- 

37 

16 

43.2 

U. nuda. 

_do. 

.do_ 

.do... 

Treated—- 

I 37 

15 

40.5 

Do. 


(Spartan. 

.do_ 

.do... 

Untreated— 

( 20 

7 

35.0 

Both species. 

129—' 

.r..do. 

.do. 

.do.. 

Treated-.-. 

1 31 

9 

29.0 

XI. nuda. 

....do. 


Hannchen_ 

Untreated-. 

46 

31 

67.4 

Both species. 


—do... 


.do... 

Treated,.-- 

47 

16 

34.0 

XI. nuda. 


'_do. 

Buchanan 

Alpha. 

Unt^eated.- 

13 

8 

61.5 

XI. nigra. 


C 0 u n ty, 
Mo. 










.do.1 

.do... 

Treated_ 

19 

0 

.0 


133—' 

(_do. 

_do...i 

.do. 

Comfort-.. 

Untareated— 

12 

11 

91.7 

XI. nigra. 

.do_ 

.do... 

Treated._-- 

31 

0 

.0 


_do. 

.do_ 

Wisconsin No. 
38. 

.do.... 

U'nt^eated- 

66 

8 

12.1 

XI. nigra. 


_do. 

.do_i 

Treated_ 

57 

0 

.0 

XI. nuda. 

134_..■ 

f—do. 

l.._.do. 

Ithaca, N. Y 
.do. 

Alpha-—--,_ 

Untreated— 

6 

2 

33.3 i 

.do. 

Treated. ...j 

1 18 

4 

22,2 i 

Do. 


Alpha. 

_do_ 

.do.. 

Untreated-! 

! 16 

14 

87.5 i 

Both species. 

135—■ 

_do__. 

!.do. 

.do.. 

Treated..--1 

! 25 

7 ! 

28.0 i 

XI. nuda. 

_do... 

_do...^_ 

Comfort_ 

Untreated— 

34 

20 i 

58.8 1 

Both species 


_do.. 

.do_ 

_do.._ 

i Treated—-- 

1 45 

4 i 

8.9 

XI. nuda. 


—do. 

Marion, 

Alpha.. 

Untreated- 

3 

3 i 

100.0 I 

Both species. 

130— 

N. Y. 


i 

i 


_do__. 

.do. 

.do__ 

Treated--.-' 

1 12 

2 

16.7 ^ 

XI. nuda. 


Wisconsin No. 

Ithaca, N. Y 

i_do_ 

Untreated— 

1 ^ 

6 

85.7 

Both species. 

■137...■ 

38. ' ' ■ 






.—do. 

.do_ 

.do_ 

Treated_ 

18 

5 

27.8 

XI. nuda. 

138—1 

_do. 

.do. 

Wisconsin No. 
38. 

.do__ 

Untreated- 

12 

7 

58.3 

Both species. 

._do. 

.do_ 

Treated—- 

1 21 

! 0 

28.6 

U. nuda. 








1 Control plants also were grown, from seed of heads not artificially inoculated, of each of the varieties 
used in the floral inoculation test. 100 seeds of each variety were sown and from^ 83 to 100 plants mattired. 
A trace of loose smut ( tl. nigra), resulting from natural infection, appeared in Wisconsin Winter. Control 
plants of the other varieties were snmt-free. 

The data in table 4 confirm and amplify those in tables 1 and 3 in 
showing that the treatment of seed from inoculated flowers with 
certain surface disinfectants is highly effective in the control of 
Ustilago nigra but relatively ineffective against U> nuda. In lots in 
which both species appeared in plants from untreated seed, ZJ. nigra 
was completely controlled as a result of seed treatment md only 
Z7. nuda appeared in the plants from treated seed. Attention is 
directed particularly to the action of the formaldehyde seed treatment 
on control of the loose smuts in Wisconsin Winter in this experiment. 
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Naturally inoculated seed of tMs variety fro.ui the agronomy plots 
at the Arlington farm was used bv Tisdale et al. (31^ 33), Taylor and 
Zeliner i27\ and Leiikel (20) mu series of seed-treatment studies, 
conducted in 9 of the 10 years from 1921 to 1930, in which treatment 
of the naturally inoculated seed with formaldehyde and various organic 
mercury solutions and several chemical dusts invariably resulted in 
effective control of the loose smut. In the writer^s test (table 4) 
similar results were obtained when Wisconsin Winter was florally 
inoculated with the smut that naturally occurs on it at the Arlington 
farm (collection no. 107, table 4). Floral inoculations with U. nigra 
collection no. 101) gave similar results. However, different results 
were obtained when the inoculations were made with collections that 
coritaiiied V, mida alone (collections nos. 100 and 106) or in mixture 
with U. Ttigra (collections nos. 109 and 117). It is therefore evident 
from this and the other examples in table 4 that treatment of barley 
seed from inoculated flowers with surface disinfectants may eradicate 
loose smut, partially control it, or prove ineffective in control, depend¬ 
ing upon the loose smut or smuts carried by the seed and irrespective 
of the barley variety concerned. Doubtless to this fact may be 
attributed the conflicting reports cited under Keyiew of Previous 
Investigations or regarding the control of loose smut in barley through 
treatment of the seed with surface disinfectants. 

Of the varieties florally inoculated with Ustilago nuda, seed treat¬ 
ment effected partial control in some cases, as shown in table 4. This 
may have been because some of the florets were inoculated after the 
fertilized ovaries had begun to enlarge. The very rapid rate of 
development of barley kernels following fertilization has been shown 
by Harlan (60. Apparently the depth of penetration of the infection 
hyphae into the young seed tissues is restricted under these conditions 
and the hyphae are consequently less protected from the action of 
surface or subsurface disinfectants applied to the seed. As noted in 
table 1, partial control of U. nuda (collection no. 100) also was 
obt^ed by inoculating flowers of Featherston and Wisconsin 
Pedigree No. 5 when the ovaries were one-fourth to one-third devel¬ 
oped and the seed was treated with Ceresan dust. Freeman and 
Johnson (S) have reported similar results. 

With reference to varietal resistance and susceptibility, table 4 
shows that Featheiston was resistant to Ustilago nuda (collection no. 
100) and immune to Z7. nigra (collection no. 101). In earlier experi¬ 
ments, however, this variety proved fairly susceptible to U, nuda 
(collection no. 100, table 1) when grown from seed from inoculated 
flowers, and only moderately resistant to 17. nigra (collection no. 101, 
table 2) when grown from seed inoculated at the time of sowing. In 
these experiments, therefore, seed inoculation with 27. nigra proved 
iiiore effective than floral inoculation in the production of smutted 
plants in Featherston. Trebi proved immune to C7. nuda (collection 
no. 100') but highly susceptible to U, nigra (collection no. 101). 
None of the 'Other varieties was markedly resistant to either of the 
loO'S© CTiuts. JJpha and Hannchen were highly susceptible to both 
U. Mma and D. nigra. 

' The foregoing comppative studies of Ustilago nuda and Z7. nigra 
reiatiTe to the production of smutted plants as a result of seed inocu- 

'Ittim limited to three smut collec¬ 

tions/fno'S. 100, I'OI., and 106 h «« sKawti im foKlii o 
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further seed-inoculation studies, made in the spring of 1933 at the 
Arlington farm, are presented in table 5. Five loose smut collections 
(nos. 110, 120, 126, 133, and 134) not used in the previous seed- 
inoculation test were employed. They were collected from plants 
grown in a greenhouse and used in the preceding experiment. The 
seed of the varieties inoculated was first treated with hot water 
(modified method), left to dry during several days, blackened with 
smut, and then immediately sown in deep flats in moderately moist 
soil maintained close to 21° C. until the seedlings had fully emerged. 
Then the plants in flats were placed outdoors to complete growth. 
A germination test of each of the smut collections at sowing time 
showed that all were highly viable. Eesults from a seed inoculation 
of Esaw with smut collection no. 101 (27. nigra) also are included in 
table 5 because they show an influence of the host from which the 
smut is collected on the pathogenicity of the inoculum under certain 
conditions. 

Table 5. —Incidence of loose smut in varieties of barley as a result of inoculating 
mature seed with 2 collections of Ustilago nuda and If of U. nigra 


Collection 
no. of 

Vstilago 
species of 
loose smut 

Variety from which smut 
was collected in— 

Variety inocu¬ 
lated (inoculum 
applied to 
mature ?eed)J 

Total 

number 

Smutted plants 

inoculum 

1932 

1933 

of plants 

Number 

Percent 

101. 

U. nma.,... 


Esaw _ 

Esaw . 

93 

36 

38.7 

{..7do.- 

fT?.nwq,Ti . 

'TfaKf 

fin 

88 

4 

4.5 

10.5 



Alpha _ 

Alpha .. 

38 

4 

110. 

_do. 

h.-_do. 

.---_do—. 

Hannehen. 

46 

0 

.0 



1—-do 

.do. 

Trebi.. 

42 

0 

.0 



(Alpha -_ 

_ do— _ 

Alpha.... 

36 

14 

38.9 

120. 

-—do.- 

<(_.r_do_ 

_do_ 

Hannehen_ 

42 

12 

28.6 

(—-do. 

\ ... 

_do- -_ 

Trebi .. 

42 

13 

31.0 



.... do. 

Alpha. 

30 

4 

13.3 

133. 

.do_ 

. 

.do_ 

Hannehen. 

46 

10 

21.7 



1 . 

_do _ 

Trebi_ 

28 

2 

7.1 



(Alpha. 

_do.- —- 

_do_ 

Alpha . . 

70 

0 

.0 

123. . 

XJ. nuda . 

_ do _ 

Hannehen .. 

91 

0 

.0 


[..._do _ 

_ do _ 

Trebi- ... 

86 

0 

. 0 



1 _ do.. _ 

_ do _ 

Alpha- ... 

67 

0 

.0 

134 . 

. do . 

].__do . 

_ do— . 

Hannehen _ 

92 

0 

.0 

(-—do .- 

_ do . 

Trebi .. 

83 

0 

.0 








5 From 78 to 95 control plants from uninoculated seed of each of the varieties also were grown, and were 
smut-free. 


The data of table 5 show that all of the Ustilago nigra collections 
(nos, 101, 110, 120, and 133) were able to produce smutted plants 
as a result of seed inoculation and seedling infection. The 27. nuda 
collections (nos. 126 and 134) were wholly unable, however, to produce 
smutted plants through seed inoculation despite the fact that, as 
previously shown (table 4), at least in the variety Alpha, they were 
able to produce high percentages of smut in plants grown from seed 
from inoculated flowers. These results confirm those obtained in the 
previous seed-inoculation test (table 2) with 27. nuda (collections nos. 
100 and 106) and 27. nigra (collection no. 101). 

The data of table 5 also show that when Esaw was seed-inoculated 
with smut collection 101 (Ustilago nigra) from Esaw a considerably 
higher percentage of infected plants was obtained than when it was 
inoculated with smut collection 101 (U. nigra) from Trebi. The 
Esaw and Trebi plants that furnished the smut in 1933 were grown 





























VoL 51, no. 6 


5114 J^rurr^al 4 / Agrieultural Research 


:J:, hkra no. iOlj from .Uplia in 1932. Tisdale and Griffitlis {29) 
obiaiiiai similar results with other barleys and kose smut collections 
and suggested that the host variety might affect the pathogenicity 
of the iEociiiiim through a definite influence^on either (1) the parasit¬ 
ism of a single physiologic form or (2) alteration in the relative content 
cd‘ two or more coiiiponent physiologic forms. 

USTILAGO NIGRA IN RELATION TO PREVIOUS INVESTIGATIONS 

Knowledge of the occurrence of Ustilago nigra in the United States 
appears to explain the conflicting reports relative to barley-seed treat- 
jnent with surface disinfectants as previously noted, and also seems 
to facilitate an interpretation of the hitherto unexplained results of 
the prf?\ioiis investigations of Tisdale and Tapke (30) and Taylor 
and Zehner (25). 

In 1924 Tisdale and Tapke (30), unaw^are of the existence of Ustilago 
n'tgni^ reported their discovery of the infection of barley by Ustilago 
/< mia through seed inoculation.” In the present investigation, how¬ 
ever. as shown in tables 2 and 5, the results of the writer have con¬ 
firmed those of previous investigators (2, 3, 5,10,16) m showing that 
f a niida is wholly incapable of producing smutted plants as a result 
of the inocuiation of mature barley seed with smut spores. That the 
loose smut used by Tisdale and Tapke {30) was U- nigra seems likely 
in view of the fact that their inoculum was collected from Tennessee 
Winter grown at the Arlington farm in 1922. Examination by the 
writer of collections of the loose smut naturally occurring on this 
variety at that place for the past 5 years has shown that only U. 
nigra was present. Furthemiore, in a series of seed-treatment studies 
conducted by Tisdale et al. {31, 32), Taylor and Zehner (27), and 
Leukel {20), in 9 of the 10 years from 1921 to 1930, naturally inocu¬ 
lated seed of Tennessee Winter from the Arlington farm was among 
the varieties employed, and its loose smut invariably proved amenable 
to control through treatment of the naturally inoculated seed with 
surface disinfectants. As shown in tables 1, 3, and 4, U. nuda is not 
controlled, by this measure. 

That Tisdale and Tapke {30) were work in g with Ustilago nuda and 
not U. nigra might be assumed from the fact that in a cytologic 
examination of seedlings grovm from inoculated seed on moist paper, 
at approximately 21 ° C., it was clearly shown that the promycelia of 
the germinating chlamydospores directly penetrated the tissue of the 
coleoptile and young leaves. In no instance did they bear the sporidia 
characteristic of LL nigra when germinated on potato-dextrose agar. 
The production or nonproduction of sporidia by the promycelium of 
the germinating chlamydospore cannot be used, however, as a diag¬ 
nostic character of the species under all conditions. Promycelia of 
(j. nigra may be made to produce sporidia abundantly or sparsely 
or to branch freely without production of any sporidia by using 
dffierent substrata on which to germinate the spores. Jones {I 4 ) and 
Hiittig (II) have obtained similar results with other cereal-smut fungi 
through the use of low or high temperatures, and Kolk (17) also has 
observed the direct penetration of an oat seedling by the germ tube 
0|,a,chlamydospore of the loose smut fungus of oats {U\venae 
Jens.), which normally produces sporidia in culture. 

Taylor and Zehner (28) reported their results on the effect 
€iKd#pllinf' seeding on the occurrence of covered and loose smuts in 
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winter barley at the Arlington farm. They found that both loose 
and covered smuts were materially increased in the Wisconsin W'inter 
variety when the naturally inoculated seed was sown 3 inches deep, 
as compared with their occurrence when the seed was sown one-half 
inch deep. However, the varieties Esaw and Beardless No. 6, also 
grown from naturally inoculated seed, ^^showed no significant difler- 
ence in loose-smut infection from variation in seeding depth.” Owing 
to resistance, the two last-named varieties yielded no data on covered 
smut. In 1932, the writer collected loose smut at the Arlington farm 
from each of the same three barleys previously used by Taylor and 
Zehner. These smuts were used in 1932 and 1933 in the floral-inocu¬ 
lation seed-treatment experiment summarized in table 4. Conclusive 
evidence was obtained that the smut collected from Wisconsin Winter 
was Ustilago nigra and the smuts from Esaw and Beardless No. 6 
were 27. nuda. Further studies on the color of the sifted spore masses 
of these smuts and their mode of germination on 2-percent potato- 
dextrose agar confirmed their identity as noted. It seems likely, 
therefore, that Taylor and Zehner also were dealing with 27. nigra on 
Wisconsin Winter and U, nuda on Esaw and Beardless No. 6. On 
this assumption the results of Taylor and Zehner might be explained 
as follows: Hecke (S), Broili (S), Broili and Schikkorra (.^), and Lang 
(18) have shown that following floral inoculation 27. nuda penetrates 
deeply within the developing seed and has thoroughly ramified the 
tissues of the embryo and endosperm by the time the seed is ripe. 
Therefore, infection, the critical point in the life of the parasite, has 
been well established before sowing, and subsequent influences brought 
about by variation in depth of seeding would not apply to this phase. 
In the case of U, nigra on Wisconsin Winter, however, the growth of 
the fungus following floral infection appears to be confined to the 
superficial layers of the seed, as evidenced by the fact that surface 
disinfection of the seed with formaldehyde solution effects complete 
control (table 4). With 27. nigra, therefore, infection of the seedling 
remains to be accomplished when the seed is ripe, and variation in 
environment or in seedling susceptibility brought about by different 
depths of seeding might reasonably be expected to exert an influence 
on infection and on the degree of smuttedness in the plants. 

CONCLUSIONS 

Knowledge of the occurrence of Ustilago nigra in the United States 
seems to explain the variable results in control hitherto obtained from 
the application of surface disinfectants to barley seed harboring loose 
smut. It should also effect a redaction in loss from loose smut 
through a wider use of the easily applied surface disinfectants where 
it is known that the nigra species is the causal organism. Emowledge 
of the occurrence of V. nigra doubtless also should facilitate studies 
on (1) the genetic relation of the bailey smuts, (2) the occurrence of 
physiologic forms in the barley loose smuts, and (3) breeding for re¬ 
sistance to these smuts. 

SUMMARY 

During the past 20 years it has been frequently reported in the 
UnHed States that loose smut in barley may be reduced or eliminated 
through treatment of the harboring seed with certain easily applied 
surface disinfectants. This is at variance with the reports of all of 
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tlie earlier and some of the recent investigators, who have found that 
it is iieeessary to apply the difficult modified hot-water toatment or 
its ec|iavaleiit in order to control loose smut in barley through seed 
treatment. „ . 

The present investigation has shown ^that in addition to the well- 
knoTO loose smut of barley caused by Usfilago nuda (Jens.) Kell, and 
S\r. a second barley loose'smut caused by U. nigra Tapke is widely 
distributed and causes considerable loss in the United States. The 
latter species is controllable through treatment of the seed with cer¬ 
tain surface disinfectants, and doubtless has been the factor responsi¬ 
ble for the conflicting reports noted above. 

U4ikgf} nigra resembles U. nuda in the appearance^ of smutted 
heads, in the emergence of smutted heads and dissemination of spores 
during the heading and floweiing period of unsmutted plants, and in 
the inoculation of the host thmugh the flowers. 

Usiilago nigra may be distinguished from U, nuda by the following 
charaeteiistics: (1) The color of the spore mass of U. nigra on fully 
emerged heads is dark chocolate-brown, whereas that of U. nuda is 
olivaceous broTO. (2) In seed from flowers inoculated at blooming, 
U. nigra is amenable to control through seed treatment with certain 
surface disinfectants. The modified hot-water treatment or its 
equivalent is necessary to control U. nuda. (3) On 2-percent potato- 
dextrose agar at 70° F., the spores of U. nigra germinate by producing 
a promyceliiim bearing typically four lateral sporidia. Under these 
conditions the spores of U. nuda produce a promycelium that does 
not bear sporidia. (4) U. nigra is able to produce smutted plants 
through infection of the seedling as a result of inoculating mature 
barky seed, as well as through infection of the flowers. U. nuda is 
able to produce infection only through the flowers. 

Some of the most important varieties of barley in the United States 
are highly susceptible to Ustilago nigra. 

To facilitate distinction, the brown'' and ^'black" loose smut 

of barley are proposed for Ustilago nuda and U. nigra^ respectively. 
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THE SUGAR BEET NEMATODE AND OTHER INDIGE¬ 
NOUS NEMIG PARASITES OF SHADSCALE' 

By Gerald Thorne 

Associate nematologistj Division of Hematology, Bureau of Plant Industry, United 
States Department of Agriculture 

INTRODUCTION 

The original sources of nemic parasites are generally unknown. It 
is, therefore, of considerable interest to find the sugar beet nematode 
{Heterodera schachtii Schmidt, 1871), Anguillnlincb aherrans n. sp., 
and Neotylenchus lotus n. sp. under conditions that apparently leave 
no doubt as to their native origin. On May 25, 1927, H. schachtii and 
A. aherrans were found infesting the roots of shadscale, Atriplex 
confertifolia (Torr. and Frem.) S. Wats., collected in the desert foot¬ 
hills west of Utah Lake, Utah. Collections made in 1933 extended 
the desert range of these two nemas into Cedar Valley, several miles 
west of the first collection, and to the hills west of Richfield, about 95 
miles south. N. lotus also was found in the material collected west of 
Richfield and in a single collection made west of Utah Lake. 

THE SUGAR BEET NEMATODE 

The fact that the sugar beet nematode {Heterodera schachtii) is 
indigenous to the desert is not surprising when one considers the 
morphology of the brown cyst stage. This remarkable adaptation 
to adverse circumstances doubtless originated under ecological condi¬ 
tions similar to those of its present native habitat. That this species 
is indigenous to both Europe and North America is not surprising, 
for many nemas are cosmopolitan. The Division of Nematology 
collection at Salt Lake City, Utah, contains over 100 species w^hich 
are native to virgin soils of the United States and which also have 
been reported from Europe and other parts of the world. 

Previous reports have indicated that Heterodera schachtii is a species 
indigenous to the United States. Maxson^ found specimens on 
Rumex sp. in the Salinas Valley, Calif., in 1913, which he believed 
could not have come from introduced nemas. Steiner® discovered 
Polygonum pensylvanicum L. and P. punctatu7n Ell. infested with H. 
schachtii at Broad Run, near Leesburg, Va., under circumstances that 
might indicate native colonies in that locality. 

These indigenous colonies of sugar beet nematodes explain the 
probable source of many infestations in the beet fields of Utah. 
Originally a considerable portion of the present beet land was “shad- 
scale fliats”, comparatively level areas bearing almost pure stands of 
shadscale which were destroyed by cultivation. There is a possi¬ 
bility that the nemas lived on some desert plants that survived 

^ Received for publication June 26,1936; issued December 1935. 

2 Oral communication in 1934 from A. 0. Maxson, Great Western Sugar Co., Denver, Colo. 

3 Steiner, G. the finding of heterodera schachth, the sugar beet nema, on polygonum in 
VIRGINIA. IJ. S. Dept. Agr., Bur. Plant Indus. Plant Disease Reptr. 15: 145. 1931. [Mimeographed.] 
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eiiltiTatioii, or perhaps they transferred from shadscale to new hosts^ 
siicii as species of Brassica, Rurnex, and Atriplex, on wliicli they lived 
until sugar beets were introduced manj" years later. 

Native colonies doubtless do not account for all nemic infestations 
now present in beet-groving areas. Transmission of nemas in beet 
seed from Europe has been known to occur ^ and probably is respon¬ 
sible for many infestations. 

Comparisons of specimens from the desert with those from beet 
fields show only slight variations in form and size, the principal dif¬ 
ference being in the length of the male tails (fig. 1,5), which in the 



Figi'ee l.—Httmien uchachtU: A, Male head; gl sal, salivary gland, X 1,300. B, Male tail, X UOOO o' 

Cyst, X 60. 7 , 

desert form are 2 to 3 times as long as those of nemas found in beet 
fields. Long-tailed specimens occasionally are found living on beets in 
Utah, and Cobb ^ figures a similar form from Colorado. 


EFFECT ON HOST 


Infestations generally are limited to small groups of shadscale 
bushes, and there may be several rods, or even a mile, between infes¬ 
tations. However, the^ locating of infested plants is largely a mat¬ 
ter of chance, for no visible injury or appreciable damage is shown 
by Bramca, Atriplex, and other common weed hosts. Infested 
bushes frequently are found along a watercourse and about its 
drainage basin. 

ANGUILLULINA ABERRANS N. SP. 


Amudhhnu abetrum, n. sp., exhibits characters that indicate a 
relationship to both Heterodera and Tylenchulus. The male head of 
abmrms (%. 2, ^ is indistinguishable from that of H. schachtii 
iiig. 1, The mstorted, variable-formed females of A. aberrans 

n nematode, H. marioni 

(Coma, Goodey, 1932, from hard, woody tissues ia wMch the 
body IS unable to assume its typical pyriform shape. The chief dif- 
ferenee lies in the appearance of the female terminus, wMch retains 
Its identity m .4. aherram but completely loses it in H. marioni. 

nEPERENCE TO THE SHOAE- 

KCliKB, ANE WTTH A DISCEIITIOS OF TYT.RHrur M. i JADIOICOW (OKEEF) 

!»1 m. Agr. TMhBA Cirs. 1.48 PP.' 191S^^p.Xfl^l7 
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The females of Anguillulina aherrans are in many respects similar 
in development and appearance to the females of Tylenchulus semi- 
'penetrans Cobb^^, but the former species differs from Tylenchulus in 
possessing the following characters: Anus functional, excretory pore 
near base of esophagus, male spear normal, and bursa present. 



6 Cobb, N. A. notes on mononchus and tylenchulus. Jour. Wash. Acad. ScL 3; mj-M, illus. 1913. 
34113—36-3 
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MORPHOLOGY 

i 50 flt 5 .~~”Av(*ragc size* 42/i/-, 80,u. Found, witliin the roots. Deposited, lief ore 
se^meritatioii iii'niasses covered by gelatinous secretion from the female. ^ Senile 
feiiiales frequently contain a few undeposited eggs in which segmentation and 

hatehing may occur within the body (fig. 2, B). oa x o 

Larum Jfig. 2, E, F}.—Length 0.4 to 0.48 mm. Width 20g to 24^. Spear 
leiigtli 14^.'' Esophagus occupying about one-fifth body length. Intestine 
deiiselv granular, granules varying in size from very minute to one-fourth body 
widths Tail length generally about twice anal body diameter, tapering but little 
to broad, rounded terminus. 

Male (fig. 2, C\ D).— Length 0.7 to 0.9 mm. Width 25/x to 33/x. Body almost 
cviiiidricar betAveen 'esophagus and anus, tapering to lip region, which is not set 
off in aiiv manner. Tail slightly longer than anal body diameter, completely 
enveloped !)}' bursa. Wings three, marked by four refractive lines, the area 
oeeupving one-fourth of body width. Six obscure, Ioav, flat lips grouped close 
about"the entrance to vestibule; from lateral view they frequently give appear- 
iiiure of very thin disk. Cuticular framework of lips massive, six-parted. Spear 
21/i to 25iLt'!ong with large basal knobs. Median esophageal bulb about half as 
wide as neck. Terminal bulb obscure, assimilated by intestine. Excretory pore 
distinct, located I or 2 body widths behind median bulb. Testis single, out¬ 
stretched. Spicula slightly" arcuate, tapering in distal two-thirds. Guber- 
naculum thin, flat, slightly arcuate. Bursa rising close in front of anus, envelop¬ 
ing the ventrally arcuate tail. Phasmid riblike, near middle of bursa. 

Young female {hg. 2, G }.—Length 0.7 to 0.9 mm. Width SO^t to 35g. Vulva 
at 91 to 93 percent. Body practically cylindrical from esophagus to vulva. Tail 
convex-conoid to broad, rounded terminus, its length equal to anal body^ diameter. 
Cuticle coarsely annulated. Wings three, marked by four refractive lines, the 
areas occupying about one-fourth of body width. Ovary immature. Posterior 
uterine branch absent. 

Adult female .— Length 0.8 to 1.2 mm. Width 132iu to 345^1. Spear length 
20jii ro 24iu. Body distorted, variable in form (fig. 2, FT, I, J), neck and posterior 
end retaining a slight semblance of original form. Median bulb almost spherical 
with strong radial muscles. Terminal bulb merging wflth intestines. Body 
densely granular. Details of the coiled single ovary completely obscured. 
Vulva broad transverse slit. Anus inconspicuous. Found only in root tissues. 

Diagnosis. — Anguilhdina, Spear massive, strongly knobbed. Labial frame¬ 
work strong, cuticularized. Adult female swollen, distorted, variable in size and 
form, found only in roots of host. Young female of normal anguilluloid form. 
Vulva at 91 to 93 percent. Ovary single. Posterior uterine branch absent. 
Tail rounded, about as long as anal body diameter. Phasmids near terminus. 
Male tail about as long as anal body diameter, ventrally bent, enveloped by 
bursa. Phasmid riblike, inserted in bursa. 

Emi: Atrifkz conferiifolia. 


LIFE HISTORY 

Specimens collected December 12, 1933, were preadults with an 
occaaonal larva. The preadults pass through summer drought and 
Winter cold, becoming active in April, when the soil is moist and warm 
and when shadscale growth begins. Differentiation of sexes occurs 
at the last molt, the males and young females being present both 
within the roots and in the surrounding soil. Because of the diffi¬ 
culty mate would experience in locating females within the roots, it 
IS probable that copulation occurs in the soil, after which the young 
females eater the roots. The female lengthens but little as it becomes 
a distorted, misshapen mass, forcing its way into the hard root tissues: 
the b^y prrasure becomes so great that the nemas usually burst 
Fr* are deposited in masses and covered 

111% ^ P®*™. secretion. Segmentation and hatching occur im- 
ni^iately and the larvae develop into preadults, which become 
f|iiie&cent imtil revived in spring. 
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EFFECT ON HOST 

Roots of infested bushes appear very much as if they were infested 
with Heterodera marioni, irregular swellings and occasionally typical 
galls being formed. As a result of infestation, many bushes are 
killed or severely injured. This injury is especially noticeable in 
years that follow a dry season. Such a condition was very evident 



Figure Z.—I\'eotyltnt'has latus: ^4, Adult female, X 120. B, Head: amph ap, amphid aperture, X 1,500- 

C, Cross section of neck just posterior to spear: amph, amphid; sens, sensillae; oe, esophagus, X 1,500. 

D, V’ ale tail; al, wings (three); phas, phasmid, X 500. Anterior end of female: p ex, excretory pore; gl, 

gland, X 500. 

in 1933 after the dry year of 1931. In 1931 the precipitation was 
only 11.4 inches and the mean for the 5-year period 1928-32 was 
13.71 inches, as compared with a general mean of 16.18 inches. 

NEOTYLENCHUS LATHS N. SP. 

Eight females of Neotylenchus latus (fig. 3) were secured from the 
cortex of shadscale roots near Richfield, Utah. Two males and four 
females were found imder similar conditions in a root taken from a 
spot west of Utah Lake. The species appears to he a rare inhabitant 
of shadscale roots, too few in number to be of any significance as a 

njiT^sitp. 
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Fitnalt. —Body attainiug its greatest width at about 65 percent. Anteriorly 
tapers uniformly to lip region, which is not set off in any manner (fig. 3, Ef 
Tali conoid to pointed terminus, its length about two and one-half times anal 
i>ody diameter (fig. 3, A). Cuticle finely annulated. Wings three, marked by 
four refractive lines. Face view of lip region show'-s the S lip sections and 4 
papillae characteristic of the genus." Amphid apertures at apex of lateral lips 
fim 3, Bo Amphidial pouch half as wide as head, located nearly opposite base 
-iRmr, practically invisible from lateral view. Sensilla elements apparently 
eight. Spear 10|x to 12g long, with three small basal knobs. Esophagus: Corpus 
eom|)ri.'-ing half the total length; isthmus exceedingly slender; bulb variable, 
gentwaily elongate-conoid, half as wide as neck. Large gland close to bulb (fig. 
3. Es. Excretory pore just behind nerve ring. Intestine densely granulated, 
generally crowded to one side by ovary. Female prodelphic, ovary*outstretched, 
feacbirig almost to base of esophagu£ Posterior uterine branch reaching from 
<n.e-l!iird to three-fourths the distance to anus. Eggs about as long as greatest 
iHifh' diameter and half as wide as long. Vulva broad, transverse slit. Anus 
indistinct. Phasmids slightly anterior to middle of tail. 

Male .—Body much less robust than that of female. Spear normal. Testis 
single, outstretched. Spiciila arcuate, tapering. Gubernaculum thin, flat, 
slightly arcuate. Bursa crenate, striated, rising about opposite middle of spicula 
ami extending to near terminus. Tail conoid, ventrally bent, ending in small 
rounded terminus (fig. 3, D ). 

IHugnmu.—Neotijlenchus with above measurements. Differs from N ahul- 
Steiner, 1931, in the foUowing characters: Tail shorter; vulva located 
farther in front of anus; posterior uterine branch present; male with spear 
spicula, and gubernaculum, normal, not undeveloped as in N. ahulbosus/ nI 
rhorne, 1934, is a much more obese species, with vulva located at 95 per¬ 
cent to almost terminal, ^ 

Hmt: Airiplex confertifolia. 

SUMMARY 


The sugar beet nematode, Heterodera schachtii Schmidt, 1871 is 
^ported as an indigenop parasite of Atriplex confertifolia (Ton*, and 
Frem.) ^\ats. mLtah. Angwillulina aherrans n. sp., and Neoty- 

isu IIS 8IXW1UMOEMISM. abdmosus 




SCAB OF GOLDENROD CAUSED BY ELSINOE ' 

By Anna E. Jenkins, associate pathologist, Division of Mycology and Disease 

Survey, Bureau of Plant Industry, United States Department of Agriculture, and 

H. G. Ukkelberg, in charge of Edison Botanic Garden, Edison Botanic Research 

Corporation ^ 

INTRODUCTION 

The Edison Botanic Garden at Fort Myers, Fla., comprising about 
9 acres, was established in 1927 by the late Thomas A. Edison for the 
purpose of finding a domestic source of rubber. Several thousand 
plants representing numerous genera and species were gathered from 
Virginia, North Carolina, South Carolina, Georgia, Florida, Alabama, 
Texas, and New Mexico and planted there. Collections also were 
made in New Jersey, and plants were contributed from many sections 
of the country by those interested in the project. Contributions of 
plants indigenous both to this country and to others were made by 
the United States Department of Agriculture. Goldenrod was found 
to have a high rubber content and was selected by Edison for further 
investigations. Most of the other plants were discarded, and by 1934 
experimental work was being conducted with goldenrod only. The 
plants are arranged in beds, 6 by 20 feet, distributed over about 4 
acres of the garden, with about 2 feet between the outside rows of any 
two beds. Each bed contains approximately 168 plants of a single 
species. The species represented are Solidago altissima L., S. chap- 
manii Gray, S. edisoniana Small, S. elliottii Torrey and Gray, S. 
jistulosa Mill., S, leavenworthii Torrey and Gray, S. mirabiUs Small, 
S. nashii Small, S. rugosa Mill., and S, sempernrens L. 

This paper reports a recent investigation of a hitherto unrecorded 
disease of goldenrod found in the garden and elsewhere in Florida. 

THE DISEASE 

NAME 

The goldenrod disease, which is caused by an Elsinoe, is called 
^^scab^^ rather than ^^anthracnose’^ because of its hyperplastic 
nature. This is in accordance with a previous suggestion (S) ^ that 
diseases of tins character be referred to as “scab.'^ 

HISTORY, RANGE, AND SPECIES AFFECTED 

Scab of goldenrod was discovered first in the Edison Botamc Garden 
in June 1933. The disease was noted on young plants and on the 
young leaves and stems of older plants of Solidago edisoniana. Fm- 
ther examination revealed that S. sempervirens and S, Jistulosa also 
were affected. Lesions on the lower part of the plants indicated that 
the disease had been present early in the season. 

1 Received for publication July 18,1935; issued December 1935. 

2 The writers are indebted to L. G. Polhamus, of the Division of Plant Exploration and Introduction, 
Bureau of Plant Industry, U. S. Department of Agriculture, for cooperation in various ways, including the 
examination of goldenrods in certain localities for evidence of the disease. Thanks are also due W. M. 
Buswell, of the University of Miami, Coral Gables, Fla., for the contribution of specimens of SolMago from 
his private herbarium, on the basis of which certain historical facts relative to the disease were established. 

3 Reference is made by number (italic) to Literature Cited, p. 525. 
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III 1034 lesions were first obseiwecl late in April on young plants 
of Solidago sempenirens and somewhat later on S.f stulosa. During 
July the msease appeared in a few beds of S, edisoniana, at first affect- 
iiisr^onlv a small number of plants, but gradually spreading throughout 
these beds and to several others of this species. Young plants trans¬ 
planted in June and July were severely attacked and some were killed. 
In one instance, in August, a few lesions were found on plants of S. 
leavenimrtfiii growing in pots in a slat house. These were limited to 
the leaf bases, regions of the goldenrod plant extremely susceptible 
to infection. Thioiighout the season the disease continued to be 
prevalent and was often severe on S. edisoniana, S. fistulosa^ and 
S, sempervirens (pL 1; pi. 2, A; pi. 3, A-D), S. elliottii and S. mira- 
hills also were moderately attacked. 

The distribution of scab on goldenrod growing wild in Florida in 
Polk, Hardee, De Soto, Charlotte, Lee, and Dade Counties (fig. 1) 
was established through limited surveys made during the autnmn of 
1934. At Fort Myers Beach, about 18 miles from Fort Myers, and 
nearby at Punta Rassa, Solidago sempervirens was affected by the 
disease and in some cases severely so (pi. 4, A and B). Other species, 
namely, S. chapmanvij S^fistvlosaf S, stricta Ait., and S. tortifolia EIL, 
growing in the same locality were not affected. 

From Fort Myers northward to Fort Meade, a distance of about 
100 miles, Solidago sempervirens was found in two different localities 
near Punta Gorda, and in each case all of the plants were affected. 
South of Fort Meade was found practically a pure stand of S.Jistulosa 
covering approximately 8 acres, and here it was estimated that about 
35 percent of the plants were affected. The disease also was present 
cm a few plants of S. edisoniana in the vicinity of Wauchiila and Fort 
Meade, the latter being the type locality for the species (f Jh S. 
chapmaniij S. minor (Michx.) Fernald, and S. tortifolia, growing in 
the section surveyed from Fort Myers to Fort Meade, wei'e disease- 
free. 

In Dade County scab was prevalent on Solidago sempervirens (pi. 
5, J) growing wild in the vicinity of the United States Plant Intro¬ 
duction Garden at Coconut Grove when examined ^ for the disease in 
October 1934. 

Additional records of scab in Florida, and among them the earliest 
available, are provided by specimens of Solidago from the Buswell 
collection, which were contributed in order that they might be ex¬ 
amined for possible scab lesions. These are present in greater or less 
abundance on S, edisoniana (pi. 2, J?), S, elliottii, S.jhstulosa, S, mira- 
Mlis, and 8. sempemirens collected in the Edison Botanic Garden on 
October 31, 1930, December 6, 1933, and intermediate dates, and on 
wild plants of S. edumiana from Polk Coxmty collected on November 
9, 10, and 28, and December 3, 1932. A specimen of S. chapmanii 
bearing no date or place of collection in Tlorida also shows severe 
infection. 


EXFLAXATOKY LEGEND FOR PLATE 5 

.AAf mmwtvltem ^ected by scab. A, o-c, Upper surface of young leaves; B, a~c, 

iBMff tower smraw; C, # and 5, upper, and i>, a and 6, lower surface of two older leaves: C, c, and B, c. 


..ve * *--- 1 —-v-w l^Udago sempermrens (X 1): J, pycnidium 

ylaiaisiiideaiifiefi fangHs on stem lesions of S. ediioni&na, Edison Botanic Garden, October 17 ,1934 (X 475), 

‘ Exaaiiwitioa made by L. G. Polhamus. 
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Upper part of diseased plants of Bolidago sempemrens from Edison Botanic Garden, Port Myers, Fla., 
June 21, 1934: A, a, and J5, a. Regions of extremely severe infection^ A, b- adventitious shoots; B, h leaves 
dying at the base. X about 
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,4* Xtower |»Ft af steiM in plate 1, or of those from same source; a, msseted reeion B Scab Ipqim 

a Itonerogamie specimen from the Edison Botan 
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The data thus indicate that scab was prevalent on wild foldenrod 
in Florida for a long period before the Edison Botanic Garden was 
established. Indirectly the discovery of the disease at the present 
time may be attributed to the special attention given goldenrod in 
the garden upon the discovery of its high rubber content, together 
with the fact that the garden was located within what is now^ loiown 
to be the geographic range of the recentlv discovered disease 
Ecologically this general section is highly favorable to the develop¬ 
ment of other diseases similar to scab of goldenrod. An example is 
scab of citrus (Citrus), the environmental relations of wFose causal 
fungus (Sphaceloma fawcettii Jenkins) have been the subject of con¬ 
siderable investigation (5,10, IB, 16). 



Figure l.— Map of Florida, showing (by shading) the counties in which scab occurs on wild goldenrod, 
and also the location of towns in or near which the disease was observed. 


When examined in July 1934 no scab was foimd on plantings of 
goldenrod maintained by the United States Department of Agri¬ 
culture at Charleston, S. C., and at Sayannah, Ga. The plantings at 
Charleston were again examined for scab early in October, ^ but no 
evidence of the disease was found. In the summer of 1935, however, 
the disease was found on Solidago sempewirens at Savannah Beach, 
Ga., and on this species and S.fistvlom growing wild near the Barbour 


« Examination made by L. G, Polhamus. 
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Liitlirop Plant Introduction Garden, Savannah, Ga. In the plantings 

at tlic garden itself S. cdisonianaj S. Jistulosa, S. leavenworthii^ S, 

sfTiipsi'tircns , and S. ssrotino were all found badly attacked. 

IMPORTANCE 

Kubber is fomied m the leaves of goldenrod (IS) and increasingly so 
as they mature (1). The stunting or kiUing of young plants by scab 
residts, of course, in a potential loss of leafage, and there is also a 
direct loss from the Idlhng of the leaves themsehms. With respect 
to SoHdago eernpervirens the loss of leafage from the ravages of the 
disease is" difhcult to estimate, because normally some of the leaves 
die before the plant reaches maturity. Cases have been noted, how¬ 
ever, in which most of the leaves were definitely killed by scab 
The leafage loss of severely diseased plants of S. edisoniana and 8. 
dstulom is estimated to be from 5 to 10 percent. Plants may be 
severely infected and still remain ahve, but whether the rubber con¬ 
tent of the diseased leaves is affected has not been determined. 

SYMPTOMATOnOGY 
Morphologic Symptoms 

Scab of goldenrod attacks the yoxmg growth of the plant above the 
ground. Young plants may be killed or stunted, as already men¬ 
tioned, but ordinarily they grow to maturity more or less as usual, 
the new growth becoming infected as it develops (pi. 1; pi. 2; pi. 3, 
A-D), Occasionally the ternainal bud is killed, preventing further 
growth of the axis except by the production of an adventitious shoot 
from below, as sometimes occurs. Some of the leaves wither and die 
as they unfold, while others that expand later succumb (pi. 1, B, h; 
pL 5, ff), especially if the highly susceptible basal part (pi. 5, A and 
B) is affected; in many cases, however, owing to the hyperplastic 
nature of the disease, the affected leaves are not killed. 

Similarly, the stem usually remains alive even though girdled for 
several centimeters or when as much as four-fifths of its surface is 
covered with lesions. There may be merely a russeting of the stem 
(pi. 2, Aj a). All or most of the leaves produced during periods 
extremely favorable for infection may be killed, so that the stem is 
practically devoid of green leaves for several centimeters (pL 1, ^4, 
a, and .B, a). Where the leaves are lost adventitious shoots may 
be forced into development only to become infected in turn (pi. 1, 
A, 6;pL5,H). 

ON SOLILAGO SEMRERTIRS^S 

The leaf spots on the highly susceptible species of Solidago sem- 
ftrwmm are larger and more striking, as weU as often more numerous, 
than on the other species. They occur anywhere on either side of 
the leaf (pL 5, although somewhat more frequently on the 

lower surface. ^ Midribs, veins, and petioles as well as the basal part 
of apetiolate leaves are often affected (pi. 4; pi. 5, A-D] pi. 6, B, a), 
lesions on the bases of apetiolate leaves (pi. 5, O, c, and D, c) and 
those occurring elsewhere on large succulent leaves (pi. 6, B) may 
cliscolor both leaf surfaces, but generally they are visible on one leaf 
surface only (pL 5, A, u, b, o, and B, a,b,c; O, a, and D,a;0,b, and B, b ). 
Leaons may extend for a greater or less distance from the base 




Scab lesions on (^) leaves of SoUdago fisiulosa, (B) on stem otS. edtsomam, and 
inflorescence leaves of S. sempervirens. Material from Edison Botanic Garden, collected Angust 4 
and D October 17, 1934. E-G, Agar slant cultures of the Elsintm cai^mg the d^se, ap^oximately a 
month old, on (E) potato dextrose, (JF’) com meal, £uid (G) “teef. All X Drawings by J, Marion 
Shull. 
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WHil Mil?p #c»pfrlr<fiA hf scab: A From Fimta Easa, August 17, 1934; Btrom'Fort Myers 

Btwa,, 11, Si34* Af, ^ Base of stsm; B, a, upper part of same plant. Photographs from.dry 
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toward the apex of the leaf (pi. 4); those on the lower or dorsal leaf 
surface may be continuous with stem lesions. The more restricted 
leaf lesions range from punctiform areas to circular, subcircular, or 
irregular spots reaching 5 mm in diameter (pi. 4; pi. 5, A-F), Lesions 
may be slightly raised at first, and later depressed on one leaf surface 
and bulged on the other (pi. 5, A, b, and B, b). The entire leaf may be 
bent away from the point of infection. In the beginning the lesions 
appear as brown, often “madder brown’',® water-so^aked spots. 
The center and soon the entire lesion, or all except a narrow bordering 
line or edge, becomes “vinaceous buff.” This coloration finally 
becomes white or gray. 

On stems of Solidago sempervirens the lesions are of essentially 
the same coloration as on the leaves. Sometimes they are surrounded 
by a narrow dark line, and they may be slightly raised, especially 
when old (pi. 3,0). The smaller spots are often circular, subcircular, 
or irregular, and 8 ± mm in diameter; occasionally they are more 
or less linear. Larger lesions, sometimes formed by the fusion of 
smaller spots, are often extremely irregular in shape. They may be 
unevenly scalloped or variously lobed, and they sometimes enclose 
green patches of the stem. Transverse cracks may appear on the 
surface of fairly young lesions still “ vinaceous buff; ” in color (pi. 2, A ). 

ox SOLIDAGO EDISONIANA AND OTHER SPECIES 

Although similar to those of Solidago sempervirenSj the scab lesions 
on SJedisoniana diff‘er in certain respects. The leaf spots are often 
circular to subcircular, 2 to 3 mm in diameter (pi. 2, B). They are 
generally reddish at first, then more or less permanently “hazel” or 
“brick red”, although in some cases they are paler or even white. 
Sometimes they discolor both leaf surfaces. The leaf spot may 
become perforated or fall entirely away, or only the cuticle on one 
leaf surface may remain. The stem lesions are similar to the leaf 
lesions (pi. 3, jB), but when old they may be somewhat paler and 
bordered by purple. 

The lesions of Solidago elliottii and S. mirabilis are similar to those 
of the closely related species S, edisoniana, while those of S.jistulosa 
(pi. 3, A) are somewhat intermediate between those of S. edisoniana 
and S. sempervirens. 

Signs 

The signs of goldenrod scab are primarily the fruit bodies of the 
perfect stage of the pathogen, which may be relatively inconspicuous. 
These ascomata are present from as early as June until the end of the 
season, and they appear as small dark more or less convex areas 
(pi. 6, A, a) representing the epithecial covering (pL 7, B, and F, b). 
For the most part they are confined to mature or old stem and leaf- 
base lesions. Small black specks occasionally present on old lesions 
(pi. 5, J) are pycnidia or pycnidiahke structures, but it has not yet 
been possible to determine definitely whether they represent a 
conidial stage of the causal fungus. In some cases mature lesions 
are darkened by a thin layer of superficial dark hyphae or other 
vegetative development of the fungus (pi. 7, A). 

® Tbe color readings given in quotations are by J. Marion Shull and are based on the following publira- 
tion: Bidgway, E. color standards and color nomenclature. 43 pp., nius. Washington, D. C. 
1912. 
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Histologic Symptoms 

As in related diseases, the lesions are characterized by the forma¬ 
tion of what has been referred to ^by Butler (3, pp. 180—181) as 
^Avoiiiid cork/’ This development in leaf lesions of citrus scab has 
been described in detail by Cunningham (4)- Based on Cunning- 
hain's account and on prepared mounts wliich he gave Butler, the 
latter (J, p. 181, and pi 8, figs. 6 and 7) has summed up the situation 
fis follows: 

The pathogen- 

causes a necrosis of a few of the superficial cells of the leaf and provokes the 
active division of the spongy parenchyma. The new walls are roughly parallel, 
in the early stages, to the necrosed surface and the process extends to a consider¬ 
able depth, sometimes leading, in attack on the under surface, to divisions in 
the palisade cells on the opposite side. Near the lesion the cells elongate more 
towards the injured part and become more divided than those farther away, and 
ill the laver of long cells with several cross walls a cork cambium eventually 
develops ^ ^ This extends up to the epidermis all around the lesions and 

cuts off cork on its outer side and a little phelloderm on the side toward the sound 
tissues. Ail the primary cell walls of the hyperplastic area are thickened and 
inteieeliular spaces are much reduced. 

THE CAUSAL FUNGUS 
CLASSIFICATION 

The ascomycete causing scab of goldenrod is a previously unreported 
member of the genus Elsinoe Kac., and its imperfect stage is typical of 
the form genus Spkaceloma De Bary. As previously shown (6), this 
genus belongs to the Alyriangiales, which are typified by Myriangium 
auriaei Mont, and Berk. Elsinoe is typified by E. canavaliae, which 
causes scab of swordbean (Canavalia gladiata (Jacq.) DC.). A closely 
related and actually better known species, however, is E. phaseoli 
Jenkins (£), in connection with the study of which certain new features 
pertaining to the morphology of the genus (7, 0) were demonstrated, 
such as the double-walled character of the ascus (7). Available lit¬ 
erature relative to the history and relationships of the order were 
reviewed by the writer in connection with the discussion of K 
eanamliae (6). Tai (IS) has since discussed the relationships of the 
order on the basis of his study of the development of Myriangium 
bambusm Eick. He interprets the outer sheath or primary wall of 
the ascus as homologous with the perithecial wall in the Sphaeriales 
and also with the rudimentary wall (11) of the ascocarp in Catacauma 
fiaMlnm (Schw.) Theiss. and Syd. of the Dothideales.’ 

MORPHOLOGY 
Perfect Stage 

Eatlmr recently formed ascomata (pi. 7, B) of the goldenrod 
some containing as many as 15 asci, were present on a few 
of the oldest lesions of the upper 20 to 25 cm of ste.ms collected in the 


EXPLANATORY LEGEND FOR PLATE 7 

of the fungus; a, possibly 

J in plate jB, .^showing a young ascoma; a, epitbecium; 6 and c, 

_ C and i>,. Production of conidia in vouns: culture from an old 


It suuwmg a young ascoma; a, epitnecium; o ana 

1 ^ and n, Production of qonidia in young culture from an c 
C, b, and D, a, conidia; D, b, young 
^ stemj^ions showing more mature ascomata than the 
f i hjBlme spherical conidia; 6, epithecinm; 

G< maceration of 

'^>5; although line of outer wall is not visible 
wilr innexpanded following rupture of the (c3 outer inelastic 

expansion of inner part of ascus, from whose apices several 
biM .rw « « h and a-sgptate. ascospores (a x 440; c x 450; e X 330; f X 440.) 








FOR EXPLANATORY LEGEND SEE OPPOSITE PAGE. 





Sept. 15, JU:J5 


Scab of Goldenrod Caused by Elsinoe 


521 


Edison Botanic Garden on June 1, 1934 (pL 6 , A, a). Older ascomata 
from s])eciniciis collected in August are shown in plate 7, E and F, 
and asci and ascospores in plate 7, B,b and c;E,c] and H. II, a, repre¬ 
sents an asciis of wliicli tlie outer sheath is probably about to rupture; 
H, h, partial expansion of the ascus after the rupture of this sheath; 
and //, d. f, ascospores still within the expanded asci or discharged 
fro.ni them. 

A feature of tlie ascospore of Elsinoe, first observed in the case of E. 
phaseoli ^ and also noted on the goldenrod Elsinoe, is the rupture of 
the wall of the ascospore allowing the j^rotoplasmic contents of one 
or more cells to escape in sporelike .masses. 

CoNiDiAL Stage 

Tufts of hyaline conidiophores representing the Sphaceloma stage of 
the goldenrod fungus were found in certain sections of young ^hnadder 
brown lesions on SoUdago sempervirens. These evidently were pro¬ 
duced from more or less horizontal subcuticular or intraepidermal 
hyphae after the manner illustrated in plate 7, O, showing conidial 
formation within a 24-hour period, from a fragment of an old hypha. 
The culture was made by smearing small masses of an old culture on 
the surface of a tlxin film of corn-meal agar on a glass slide. To 
pro\i'^e a xnoist atmosphere, the new culture was placed in a Petri 
dish lined with filter paper. Plate 7, D, shows additional new^ conidia 
(a) and also a young hypha (b) produced from a small mycelial mass 
transferred to the fresh agar substrate. There was soon conidial 
formation from the new hyphae, the conidia ia some instances being 
sessile on the hyphae. The conidia just described were generally 
ovoid or elongate-elliptical, and often biguttulate, measuring 6.5 to 
S.Gju by 2.6 to 4ju. Some of the conidia germinated practically as soon 
as formed, either by the production of germ tubes or sprout conidia. 
Spherical conidia at first minute but enlarging to at least 3ju in diam¬ 
eter occur singly or in agglutinated masses. Apparently they are 
produced from almost any structure of the fungus, and as here illus¬ 
trated (pi. 7, E, a) they appear to have formed within the epithecium. 
The spherical body shown in plate 7, A, a, is possibly an endospore. 

The dark, nxembranous pycnidium apparently of the Elsinoe shown 
in plate 5, J, was produced siibepidermally; the conidia (a) and 
conidiophores (&) within it resemble those shown in plate 7, C and D. 
Other more or less similar membranous structures, often lenticular in 
shape, were seen in or on the lesions. 

IDENTITY 

It appears that an Elsinoe has not been reported on goldenrod or 
other Compositae heretofore. The asci and ascospores are somewhat 
smaller than those of other species that have been described, and the 
organism is culturally distinct from the members of this genus and 
of Sphaceloma so far as isolated. The name Elsinoe solidaginis is 
therefore proposed for the fungus, and the following technical 
description is given. 


7 Unpublished data. 
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Technical Desckiption 


Elsinoa solidagtnls, n, sp. 

H 5 'phae subcuticular, intraepidermal, or subepidermal, i. e., in the tissue out¬ 
side "of the wound cork, hyaline, or dark, sometimes chainlike, up to at least 
Qpt in diameter, sometimes forming more or less effuse stromata reaching 15jLt in 
thickness; ascomata apparently intraepidermal for the most part, punctiform, 
reaching l50/i in surface diameter and 50/x in thickness; dark-colored epithecium 
up to 20/x thick, becoming ruptured and exposing underlying ascogenous layer; 
iinruptured asci niostlj’^ spherical to obpyriform, 15 to 17;u X 15 to ISju, occasionally 
with a slight stipe; ascospores colorless, 2- to 3-celled, S to X 4 to 5/1, proto¬ 
plasmic cellular contents sometimes escaping as sporelike granular masses; 
conidial stage of the form genus Sphaceloma, conidiophores as observed in cul¬ 
ture often more or less conical, 1- to 2-septate, bearing conidia acrogenously, 
sometimes several in succession; conidia ovoid to oblong-elliptical, hyaline, 
often biguttulate, 1-ceiled, 6.5 to 8.6/z X 2.5 to 4/t, germinating by means of a 
germ tube or by the production of sprout conidia; spherical conidia produced 
from various structures of the fungus, of various sizes and with thick, viscid 
covering, often forming agglutinated masses. 

Ascomata punctiformia, usque ISOju diam. ad superficiem et 50g in crassitudine; 
asci infracti sphaerici vel obpyriformes, 15-17/1 X 15-18 m; ascosporae 2-3 cellu- 
lares, 8-13/t X 4~5/i; status conidiophorus ad formam-generem Sphacelomatem 
pertinens; conidiophora (in ciilturis) saepe plus minusve conica 1-2-septata; 
conidia acrogena, ovoidea vel oblongo-ellipfciea, unicellularia, 6.5™8.6/i X 2.5~4/i; 
conidia sphaerica usque 3/t diam., e siructuris variis fungi nata, massas agglutina- 
tas formantia. 

Hosts—On wild and domesticated species of Solidago chapmanii, S, edisoniana^ 
8, ellioUity S. fistulosa, leavenworthii (rarely), S. mirabiliSy and 8. sempervirenSj 
producing the disease known as scab, hyperplastic in nature, infecting tender 
young growth, sometimes killing it, but often producing more or less extensive 
diseased areas on the surface of stems and leaves; lesions of various sizes and 
shapes, on sempervirens generally ‘Sunaceous buff”, becoming white or nearly 
so; on 8. edisomana, S. elliottii, and 8. mirahilisy ofien hazel” to “brick red”, 
occasionally white or whitish; on 8. fistulosa of intermediate coloration. 

Distribution. —Florida: Polk, Hardee, De Soto, Charlotte, Lee, and Dade 
Counties. 

Specimens examined.^ —Florida: On Solidago chapmaniiy W. M. Buswell (date 
not given).® 

On 8. edisonianaj Hardee Co., Wauchula, H. G. Ukkelberg, Sept. 30, 1934; 
Lee Co., Fort Myers, Edison Botanic Garden, W. M. Bnswell, Nov. 28, 1932 
Aug. 17 and Nov. 10 1933; H. G. FTkkelberg, July 9, Aug. 4 (type), and Oct. 17, 

1934; Feb. 6, 1935; Polk Co., W. M. Buswell, Nov. 9 10 and 28 and Dec. 

3 1932; Fort Meade, H. G. Ukkelberg, Sept. 30, 1934. 

On S. elliotiiiy Lee Uo., Fort Myers, Edison Botanic Garden, W. M. Buswell, 
Dee. 4 * and 6 1932, and Dec. 6,*^ 1933 *. 

On >8. fistulosoy De Soto Co., Fort Ogden, H. G. Ukkelberg, Sept. 20, 1934; 
Lee Co., Fort Myers, Edison Botanic Garden, W. M. Buswell, Nov. 10, 1930 
and May 10, 1933 H. G. Ukkelberg, Aug. 4 and Oct. 17, 1934; Feb. 6, 19S^r^ 

On 8. mirahilisy Lee Co., Fort Mvers, Edison Botanic Garden, W. M. Buswell, 
Dec. 4, 1933 

On 8, sem^permrenst Charlotte Co., Punta Gorda, H. G. Ukkelberg, Sept. 30, 
1934; Dade Co., Coconut Grove, L, G. Polhamus, Oct. 1934 (specimen repre¬ 
sented by photographs); Lee Co., Fort Myers, Edison Botanic Garden, W. M, 
Buswell, Oct. 31, 1930 *; H. G. Ukkelberg, June 1, 21, July 9, and 28, Aug. 4, 
Oct. 17, and Oct. 26 (infection from artificial inoculation in greenhouse), 1934; 
Feb. 6, 1935; lucinity of Fort Myers, W. M. Buswell, Oct. 24, 1931 H. G. 
Ukkelberg, Aug. 14, 1934 (beach); Punta Kassa, H. G. Ukkelberg, Aug. 17, 1934. 

^ District of Columbia: On S. sempervixens, A. E. Jenkins, Oct. 12, 1934 (infec¬ 
tion from artificial inoculation) in laboratory. 

examined are deposited in the myoologicsal collections of the Bureau of Plant Industry, 
u. S. I>e,p6rtaient of Agriculture, and a living culture of the fungus (culture no. 430 A. E. Jenkins) has been 
seat to' the Centraalbuimn voor Schimmelcuitures, Baam, Netherlands. 

» T|esi«:dmBns marked by an asterisk represent specimens from the Buswell collection on which lesions 

of scab were found during the course of the present study. 
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CULTURAL CHARACTERISTICS 

Pure cultures of the fungus were obtained from isolations made 
from brown lesions on young leaves of Solidago sempervirens collected 
in the Edison Botanic Garden on July 6. For the firet isolations, 
made on July 11, scrapings from the surface of the lesions were 
plated on corn-meal agar. By July 25 several thalli characteristic of 
the genus Elsinoe were visible in the six plates that were made. The 
circular, glistening growths were just becoming colored. The 
largest thallus, measuring about 2 mm in diameter, was transferred 
to a potato-dextrose agar slant. When observed about a week later 
it had increased in size to about 3 mm. The margin was then 
raised and was pinkish cinnamonin color; the central region was 
depressed and was cinnamon in color. 

On July 12 additional isolations were made from the specimens 
collected on July 6 by dipping pieces of young leaves and stems in 
mercuric chloride (1:1000), rinsing them in sterile water, and then 
planting them on the siu’face of com-meal agar plates. Plate 7, 
shows one of the thalli obtained from these plantings. 

More abundant cultural growth was obtained by cutting goldenrod 
stems into short lengths, treating them as for the leaf plantings, and 
then transferring them to test tubes containing a small amoimt of 
sterile water. When examined after 3 weeks some of the lesions 
were covered vith a mat of fungus, consisting cliiefly of conidia, in¬ 
cluding swollen and germinated conidia of various sizes. Transfers 
of this growth failed to yield pure cultures, but platings would doubt¬ 
less have given many pure thalli of the fungus. 

In a set of parallel cultures of the Elsinoe grown for approximately 
a month on agar slants of potato dextrose, com meal, and beef, the 
coloration of the fungus wms generally maroon'^ to nearly black, 
^^bay^^, and ^^clay colorrespectively. Similar cultures on glycerin 
agar slants were “pale drab-gray^^ at the center and “maroon^' to 
black in the peripheral region. 

INOCULATION EXPERIMENTS 

At the Edison Botanic Garden artificial inoculations were made on 
September 20 on young potted plants in a greenhouse in which the 
temperature was not controlled. The species inoculated were 
Solidago altissima and S. leavenworthii, which are highly resistant or 
immune to scab, and the two highly susceptible strains S^Jisfulosa and 
S. sempervirens, S. sempervirens is more susceptible than S,jistulosa^ 
as already explained, and the two strains of these species employed 
were selected for their extreme susceptibility. The inoculum con¬ 
sisted of the culture isolated from /S', sempervirens on July 11, grown 
for several weeks on potato-dextrose agar. 

Several inoculations were made on each species or strain by the 
cotton-plaster method employed by Winston {16^ p, 23) in similar 
inoculations, i. e., the cultural growth was macerated and placed on 
young leaves with the fungus in contact with the leaf. The whole 
was then covered with paraflSn-paper hoods gathered and tied in such 
a way as to prev'ent the drying out of the cotton pads. ^ The inocu¬ 
lated growrih was then tied to a stake to hold it in position and to 
prevent the weight of the wet cotton from brealdng the plant. The 
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paraffin paper and the cotton bearing the inoculum were removed 

after 4S hours. 

In another experiment a few plants of each of the_ species and 
strains mentioned were atomized with a water suspension of a cul¬ 
ture and held for 48 hours in a moist chamber before being removed 
to the greenhouse bench. In this experiment, as in the other, the 
check plants received the same treatment as those sprayed except 
that no mociiliini was used. 

The conditions of the experiments were apparently rather unfavora¬ 
ble for infection for, so far as could be detected, scab lesions were 
produced only on Solidago sempenirens inoculated by the cotton- 
plaster method (pi. 6, B), The lesions were small and 'hnadder 
brown” when first observed on October 9. By October 20 they were 

vinaceous buff ” and the largest were 5 mm in diameter. 

At Washington, D. C,, under weather conditions believed to be 
favorable for infection, young inflorescence leaves inoculated by the 
cotton-plaster method became infected chiefly on the leaf bases. 
The checks remained healthy. 

CONTROL 

In the garden one bed of Solidago sempervirens was sprayed with 
bordeaiix mixture (4-4-50) during hlay and June. Three applica¬ 
tions were made at 2-week intervals, with no apparent checking of the 
disease. During July, August, and September, lime-sulphur was 
applied weekh" on a series of six beds of S. edisoniana. In this case the 
amount of the disease was not reduced at first, but in the latter part of 
the experiment partial control was obtained. In order to obtain con¬ 
trol by spraying, frequent applications of a protectant from practically 
the beginning of the growing season probably would be necessary. 

It appears that selection for resistance may prove an effective 
means of control. Variation in the degree of susceptibility of differ¬ 
ent clonal lines obtained from rootstock cuttings was observed in 
1934, particularly in the case of Solidago edisoniana. For example, 
plants of the same clones were heavily infected while other clones in 
nearby rows were free from lesions, or nearly so, although they were 
in contact with heavily infected growth. In some instances strains 
of S, Jistulosa and 8. semperrirens introduced into the garden from 
different localities and differing somewhat in vegetative characters 
have exhibited different degrees of susceptibflity. The Edison 
selection S. kavenwarthii is highly resistant, as previously indicated. 

SUMMARY 

Scab of goldenrod, hitherto unreported, was discovered in the 
Edison Botanic Garden, Fort Myers, Fla., in June 1933. Limited 
surveys made in Florida during the autumn'of 1934, together with an 
examination of herbarium specimens, revealed the fact that the dis¬ 
ease was present in the garden as early as 1930, and that it occurs 
cm wiM goldenmd in Polk, Hardee, DeSoto, Charlotte, Lee, and Dade 
CouiMyi. The species known to be susceptible are Solidago chap- 
immli. i\^€disonmm, S, eUiottii, S. Jistulosa, S. leamnworthii, 8. 

S. sem^emrens. Of these, S. edisoniana, S. iistulosa, and 

mmpef litem are highly susceptible and S. leavenworthu slightly so. 

The disease results, directly or indirectly, in the loss of the leafage 
in which rubber is formed. 
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Tiie symptoms of the disease are described. 

The causal fungus belongs to the genus Elsinoe, The morphology 
and cultural characteristics of the organism are given, and it is de¬ 
scribed as a new species, E. solidaginis. Artificial inoculations on 
Solidago sempervirens gave positive results. 
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OXIDATION AND GAS FORMATION IN THE SPONTA¬ 
NEOUS HEATING OF HAY' 

By E. J. Hoffman 

Associate chemist, Chemical Engineering Division, Bureau of Chemistry and Soils, 
United States Department of Agriculture - 

INTRODUCTION 

In a series of large-scale experiments on the spontaneous heatmg 
of hay, conducted by the Bureau of Chemistry and Soils, hay was 
stored under varying conditions in order to determine those conducive 
to excessive heating and ultimately to spontaneous ignition, as well 
as to investigate the causes and effects of spontaneous heating under 
these conditions. 

In these experiments the progress of heating was followed carefully, 
observations of various factors that could influence spontaneous 
heating were made, and the products of such heating were investigated. 

The results of analyses of the gases formed during the heating of 
hay in these experiments showed a striking similarity to the results 
of a laboratory study designed to determine the relative tendency of 
undecomposed and decomposed hay to absorb oxygen. For this 
reason both investigations are presented in this paper. 

Conflicting hypotheses have been proposed by investigators to 
account for the spontaneous heating and ignition of hay. However, 
it is commonly accepted that the production of heat in a mass of 
utdercured or wet hay at temperatures up to 70° C., or slightly higher, 
is due mainly to the respiration process of the living plant cell and the 
activity of micro-organisms. But to account for temperatures above 
this, at which micro-organisms are no longer active, causes other than 
biological are ascribed. These are generally referred to as chemical. 

The extent to which heating during the period of biological activity 
may be ascribed to purely chemical action has been the subject of 
considerable investigation and debate. It has been held by propo¬ 
nents of chemical-activity theory that if the higher temperatures are 
to be ascribed to chemical or physical agencies, it is quite reasonable 
to suppose that these agencies already have begun to operate at the 
lower temperatures. Since the results presented in this paper are 
concerned primarily with temperatures lying within or shghtly above 
the range ascribed to biological agencies, a brief review of investiga¬ 
tions supporting the theory of chemical action at these temperatures 
is given as a basis for the discussion of the results. 

1 Received for publication June 5, 1935; issued December 1935. 

2 This paper includes the results of 1 phase of the general investigation of the spontaneous heating and 
ignition of agricultural products conducted by the Chemical Engineering and Food Research Divisions, 
Chemical and Technological Research. The author acknowledges with thanks his indebtedness to C. A. 
Browne, principal chernist in charge of research; to D. J. Price, principal engineer in charge, Chemical 
Engineering Division; and to his associates in the conduct of the large-scale spontaneous-heating experiments, 
for the use of data pertaining to these experiments. To H. E. Roethe, engineer; M. A. Bradshaw, assistant 
engineer; and E. D. Gordon, formerly assistant engineer, Chemical Engineering Division, the author is 
indebted for assistance in the collection of the gases investigated. 
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REVIEW OF PREVIOUS INVESTIGATIONS 

Vliehe (6\ 7f held that beyoBcl the limited effect of plant respiration 
the rise of temperature is due mainly to the action of micro-orgamsms. 
This action could carry the temperature up to 70° C., or slightly 
higher, but he found that at 68.5° all micro-organisms had been 
destroved. He opposed the view that ordinary heating in haymows 
is due to simple chemical activity, but suggested that when the 
temperatiue rose above approximately 70° some physical or chemical 
change had been produced by the long-continued effect of heat or 
bacterial action at 70°, which rendered the hay susceptible to purely 
chemical oxidation. He suggested further* that hay carbonization 
might occur by a process of dry distillation even at a temperature as 
low as 70° to 80°, if this temperature were maintained for a consider¬ 
able time. 

According to Burri (3), in the processes of spontaneous heating the 
temperature rarely exceeds 70° C., beyond which the activity of 
enzymes and micro-organisms is absolutely excluded. If the tem- 
perkure can be raised beyond 70° by purely chemical processes it 
would appear plausible that the same agencies are already active at 
lower temperatures, even between 60° and 70°. 

He held that there were good reasons for believing that, in the case 
of hay which is suJficiently wet, and in wHcli the living plant has died 
and the respiration process has ceased with the production of a tem¬ 
perature of 45° to 50° C,, a further increase in temperature can be 
produced by a chemical oxidation process, but that this chemical 
process alone would probably not be of sufficient intensity and dura¬ 
tion to raise the temperature to 70°. However, on the assumption 
that in haymaking the respiration enzymes have been rendered more 
resistant to heat than is conmionly supposed, the heat formation 
resulting from the respiration process probably would cease, not at 
45° to 50°, but perhaps at 60° or higher. On this assumption a tem¬ 
perature level might be reached without the cooperation of micro¬ 
organisms beyond which purely chemical and physical processes 
would account for the heat production. 

Boekhout and DeVries ( 1 ) concluded from their investigations of 
the heating of hay and tobacco that micro-organisms have no part in 
the phenomenon, but that spontaneous heating of hay is only a chem¬ 
ical oxidation process in which iron occurring naturally in the plant 
acts as a catalyzer. 

^ Haldane and Mak^ll (4) determined the relations of oxygen absorp¬ 
tion and carbon dioxide liberation in samples of hay through which a 
constant flow of pure ah was passed. They confirmed the biological 
conclusions of Miehe and concluded further that even at temperatures 
as low as 38° to 41° C. a simple chemical oxidation takes place side 
by side with the biological oxidation. The chemical oxidation could 
be distinguished easily from the biological by the fact that the former 
diminished with lapse of time, and by^ the ratio of carbon dioxide 
liberated to the oxygen consumed. This ratio was always consider¬ 
ably below unity in the chemical oxidation and about equal to or 
greater than unity in the biological oxidation. 

At 71° C, there w^as an enormous fall in the oxidation rate, since 
all microbia l activity was suspended and only the chemical oxidation 

Rffcwow is. made bj number {italic) to Literature Cited, p. 546 . 
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continued. A further rise of temperature to 81° caused a great 
increase in the chemical oxidation rate, and a similar result occured 
at 90°. According to Haldane and Makgill, the rapid development 
of heat in a large mass of damp hay is due almost entirely to the 
growth and activity of micro-organisms, which can raise the tempera¬ 
ture to about 70°, but oxidation occurs in the damp hay even when 
microbial activity is absent. 

Tnininger (S), after discussing oxygen respiration and intramolecu¬ 
lar respiration of plants and the role of bacteriological activity in heat 
production, suggested the desirability of investigating whether the 
activity of certain bacteria and molds in the fermenting haystack may 
produce easily oxidizable substances which might serve as the source 
of subsequent purely chemical processes. 

The theory of the spontaneous heating and ignition of large masses 
of hay proposed by Browne {2) is based upon the preliminary pro¬ 
duction by micro-organisms under more or less perfect anaerobic 
conditions of unsaturated, highly unstable, intermediate-fermentation 
products upon the surfaces of the porous, cellular materials. The 
duration of existence of these readily oxidized products depends upon 
the quantity of air that gains access to the fermenting mass of hay 
and also upon the quantity of moisture present as a reacting medimn. 
If the air has free access these compoimds are destroyed almost as 
soon as formed, with the result that when the vegetative micro- 
organic life is all destroyed, at 70° to 80° C., there is not a sufficient 
residue of such easily oxidizable substances to carry the heat produc¬ 
tion to higher limits. The heat of the microbial life period is prob¬ 
ably due in large measure to the oxidation of the same unstable 
products that participate in raising the temperature above 80°. 

LARGE-SCALE EXPERIMENTS 
PROCEDURE 

The experiments reported here comprise 5 of the 10 spontaneous 
heating experiments completed in the experimental hay bam on the 
United States Animal Husban<^ Farm at Beltsville, Md. A brief 
statement regarding each experiment follows. In all the experiments 
alfalfa hay containing less than 30-percent moisture is referred to as 
cured alfalfa. 

Experiment 1, June 1929 

The hay stored in experiment 1 was 14 tons of xmdercmed alfalfa, 
containing a minimum of 30.69 and a maximum of 43.45 percent 
moisture, an average of 36.35 percent for seven levels of mow, 1, 3, 
6,7,8,11, and 12 feet from the floor of the barn. The hay was stored 
on June 7 to a height of 12 feet in a comer section of the bam, 16 by 
16 feet, leaving the east and south sides of the mow exposed. A 
maximimi temperature of 72° C. was reached on June 15, in the 
center of the mow. After Jxme 16 the temperature throughout the 
mow continued to drop until, on August 27, the average of the five 
highest temperatures was 41°. The final height of the mow was 8 
feet at the center. 

Experiment 3, July 1930 

In experiment 3, as in all others following this, t.he entire floor space 
of the bam (26 by 24 feet) was used for storage, except for a narrow 
alleyway (3 by 24 feet) on the entrance, or east side of the barn, thus 
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exposing tlie mow on only one side. The hay used was 55,987 pounds 
of baled alfalfa, having an average moisture content of 15.23 percent. 
As the hay was put into the mow, it was torn apart and sprinkled rxith 
40,000 pounds of water, bringing its moisture content up to an 
average of 50.55 percent. The barn was filled to a height of 15 feet 
on July 22 to 25. The final settled height of the mow was 13 feet, 
A teiiiperature of 87.5^ C. was reached on July 30 at thermocouple 
20, located feet from the floor, 8 feet directly east of the center of 
the mow, and 4 feet from the aUeyv'ay on the east. On^ August 20 
the niaxiiniim tempera toe, 88°, was recorded at a location 9K f^^t 
from the floor, feet from the eastern alley^vay, and slightly to the 
north of the center of the mow. On September 5 several thermo¬ 
couples still registered as h%h as 70°. 

Experiment 4, June 1931 

In experiment 4 the hay was stored on Jime 2 to 4. Dry timothy 
containing 10.10-percent moisture was put in up to a height of 4:% feet 
from the floor; 14,900 pounds of undercured alfalfa, having an aver¬ 
age moisture content of 56.10 percent, was put over an area of 10 by 
10 feet in a central section of the mow, up to a height of 12)2 feet; the 
undercured section was covered and surrounded to a height of 16)^ 
feet by cured alfalfa having an average moisture content of 28.46 
percent. The maximum temperature, 78° C,, was recorded on June 
15 at thermocouple 25, in the cm‘ed alfalfa just above the center of the 
underciired section. The temperature here had dropped to 71° on 
June 26, on which date the three next highest temperatures were 68°, 
63.5°, and 61.5°. '\^Tien the hay was removed from the barn, on 
July 6 to 8, the settled height was 10 feet. 

Experiment 5 , July 1931 

The hay used in experiment 5 was dry timothy, containing 16.08- 
percent moisture, on the bottom of the mow to a height of 2 feet; 
cured alfalfa of 19.78-percent moisture content to a height of 6)^ feet; 
undercured alfalfa of 31.34-percent moisture content to a height of 
9)2 feet; and dry timothy on top of this to a height of 15 feet. The 
maximum temperature, 56° C., was reached on July 19 to 20, 6 days 
after storage (July 13 to 16), at thermocouple 18, located at the 
junction of the cured and undercured alfalfa in the southeast section 
of the mow. On August 20, when the hay was removed from the 
barn, the maximum temperature was only 35.5°. 

Experiment 9, June 1933 

The hay in experiment 9 was stored from June 5 to 13 and removed 
on October 10 . It consisted of cured alfalfa, containing 29.86-percent 
moisture, on the bottom of the mow to a height of 4 )^ feet; undercured 
alfalfa of 43.17-percent moisture content'to a height of 8)2 feet over 
an area of 10 by 10 feet in a central section; and cured alfalfa of 
29 .S 5 -perceiit moisture content surrounding and covering the under- 
cured hay to a height of 16)2 feet. At the time of removal the hay 
bad settled to a height of 13 feet. The highest temperature, 68 ° C,, 
was reached on June 13 at thermocouple 20 , located 6 feet from the 
floor, at the exact center of the junction of the cured and undercured 
hay. From June 14 the temperature throughout the mow fell rapidly 
until July 5 , when thermocouple 20 registered 60°. 
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APPARATUS FOR GAS SAMPLING 

Tlie apparatus used in the collection of the samples of gas is shown 
in figures 1 and 2. The gas-sampling device (fig. 1, xl, and C)j 
consists essentially of an aluminum capillary tube (a) having a bore 



Figxjee 1.— Gas-sampling device: A, complete device; B, end of tube opposite removable tip; C, removable 

tip. 


of approximately 0.02 inch supported by a larger tube (6) of the same 
metal of 13/32-inch diameter. It is through this capillary tube that 
the sample of gas passes during collection. The length of tube used 



Figtjbe 2 .—Gas-sampling tube and connections: A, tube; B, tube and connections. 

is determined in each case by the (hstance to which it is desired to 
penetrate the mow for sampling. Five-, ten-, and twelve-foot length 
have been found satisfactory. In operation, the end of the tube 
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carrying the removable tip (c) is inserted to the desired point in the 
mow and the other end of the tube (d) is connected by rubber tubing 
through the capillary T-tube (fig. 2, c) to one end of the gas-sampling 
tube (fig. 2, a). The glass tube (a) has a capacity of approximately 
250 cc. Previous to use it is sealed off at one end^ highly evacuated, 
and then sealed off at the other end. The metal capillary and glass 
connections are then cleared of air by closing the stopcock (s), com¬ 
pressing the rubber bulb (b) attached to the third arm of the capillary 
T-tube, and then reopening.the stopcock, allowing gas to be drawn 
into the bulb. Then the stopcock is closed again, and the scratched 
tip of the gas-sampling tube is broken at (d), whereupon the desired 
sample of gas is drawn by vacuum into the gas-sampling tube. Im¬ 
mediately upon detaching, the broken tip of the gas container is 
inserted airtight into a wax-sealing material contained in a small metal 
tube, such as a .32-caliber cartridge. Tliis material is a mixtui'e of 
beeswax and Venice turpentine in proportions varying wdth the 
temperatui‘e at which it is to be used. The sample is then ready for 
analysis. A Burrell precision-model gas-analysis apparatus is admir¬ 
ably adapted for this purpose. 


RESULTS 

The results of the analysis of the gases collected in the several 
experiments, together with other data pertaining to the samples, are 
given in table 1. 



Pable 1. —Analyses of gas samples collected in large-scale spontaneous heating experiments 

EXPERIMENT 1, JUNE 1929 « 



Samples 5 and 6 were collected 3 and 4 















































Table 1,—Anfihjh'eB of gas sample,^ collected in large-ncalc spordancous hcaimg experiments Coiitinu(Hl 

KXVEIUMENT 4, JT^NE l‘i31 ? 
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8 Samples 1,2, and 3 were taken from areas of cured alfalfa which had become wet from rise of HaO, from imderenred section bel()^v\ Sample 4 was taken from undercured section. 
< Sample 1 was collected from junction of cured and undercured alfalfa; sample 2, from center of undercured alfalfa; sample 3, from cured alfalfa; sample 4, from undcreured alfalfa. 
5 Sample 1 was collected at the junction of cured and undercured alfalfa; all other samples were from the undereured seetion. 
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All the samples in experiments 1, 3, 4, and 5 were analyzed for car¬ 
bon monoxide, hydrogen, and methane. Carbon monoxide and 
hydrogen were determined by combustion in the copper oxide tube 
at 290^^ to 310° C. (after removal of constituents soluble in caustic 
potash, fuming sulphuric acid, and pyrogallol), and methane was 
determined in the slow-combustion pipette, llethane was absent 
in all the samples, and neither carbon monoxide nor hydrogen was 
found in the samples taken in experiments 4 and 5. Carbon monoxide 
and Iwdrogen were found in only one sample in experiment 3, and the 
amounts in that were within the limits of experimental error. One 
sample in experiment 1 appeared to contain approximately 0.1 to 0.2 
percent of carbon monoxide, while the contraction of the gas upon 
combustion over copper oxide in five of these samples in£cated a 
possible hydrogen content of 0.1 to 0.3 percent. In several of the 
samples in experiments 1 and 3, a considerable quantity of the gas 
was removable by fuming sulphuric acid. Tests for phosphine and 
hydrogen sulphide on ah samples in experiment 1 and on a large pro¬ 
portion of those in expei'iment 2 gave negative results. Practically 
all the samples of gas had a peculiar pungent odor similar to that of 
aldehydes and esters. 

It will be observed that in experiment 1 the samples of gas from 
sources where temperatures of 68° to 70° C. prevailed at the time of 
collection, or prewously, show an oxygen loss greater than the carbon 
dioxide formed. 

The data for experiment 3 also show definite evidence of excess 
oxygen consimiption. Furthermore, the large quantities of carbon 
dioxide formed in the heating haymow, combined vdth the high 
degi'ee of exhaustion of the available oxygen shown by most of the 
samples, indicates more than ordinary activity. This indication is 
borne out by observations made of the physical qualities and appear¬ 
ances of the hay when removed from the mow, namely the prepon¬ 
derance of spoiled, brown and black, acid-charred niateiial. 

The activity in experiment 4, where a maximum temperature of 
78° C. was observed, is fairly comparable with that in expeiiment 1, 
with a maximum of 72°, notwithstanding the fact that the absolute 
quantities of carbon dioxide in the samples are generally somewhat 
lower. The conditions of storage and the smaller volume and 
weight of the wet hay may have permitted a greater dilution of the 
gases with air fznm outside sources, which, in spite of the slightly 
higher and longer prevailing temperatures, wmuld cause a lower car¬ 
bon dioxide content and a correspondingly lower value for the oxygen 
consumption. 

In experiment 5, the relatively small volume of undercured hay and 
its comparatively low moisture content appear to account for the 
low degree of activity, vdth low carbon dioxide production and lower 
oxygen loss. The results as a whole may be taken to indicate condi¬ 
tions of the ordinary ‘^sw^eating” process. 

In experiment 9, 68° C. was the maximum temperature observed, 
and it will be noted that the C 02 : 02 -loss ratio is greater than unity in 
all the samples. 
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LABORATORY OXIDATION EXPERIMENTS 

PROCEDURE 

Tiie purpose of tliis laboratory investigation was to determine tlie 
relative tendency to oxidation of natural undecomposed alfalfa hay 
and similar alfalfa hay wliich had undergone spontaneous heating in 
the mow or had been fermented upon exposure while wet. It was 
premised that if unsaturated or other easily oxidized substances were 
present in the decomposed samples, these samples should absorb rela¬ 
tively more oxv'gen than the undecomposed samples, and would throw 
light on the question of the production of unsaturated oxidizable 
substances during spontaneous heating. The difficulty of securing 
samples of heated hay from the mow without exposing them to the 
air was recognized at once; hence, in the first large-scale experiment, 
nitrogen was constantly passed through the^ boring tube used for 
removing the samples and the sample containers were filled in an 
airtight box in which the air had been displaced by nitrogen. Analysis 
of the protecting gas taken from the sample containers (half-gallon 
fruit jars} at the time the samples were removed for oxidation tests 
proved the efficiency of this method. As these samples did not show 
imieh absorption of oxygen, the use of protecting gas was abandoned 
ill subsequent experiments but every other precaution was taken to 
avoid undue exposure. 

A temperature of 80^ C. was selected for the comparison because 
of tlie general agreement among investigators that at this temperature 
all microbial activity has ceased. To confirm the |)resumption that 
siicli action is absent also in the hour's time of attaining the excluding 
temperature range, this initial heating was investigated. Experi¬ 
ments were conducted at 90° to show the effect of higher temperature. 
The possible analogy of such oxidations to the well-established avidity 
of linseed oil and other unsatiirated oils to take up oxygen was not 
overlooked, and a test on boiled linseed oil impregnating an equal 
weight of cotton waste was conducted under identical conditions. 

APPARATUS 

The apparatus in which these experiments were conducted is shown 
in figure 3. a is a Pyrex round-bottom flask having a capacity of 
1,054^ cc when tightly closed with the three-hole rubber stopper e 
eaining a thernioineter and a capillary tube 'which emerges through 
the stopper to /. A small condenser tube (internal diameter about 
4 null) of the condenser d is connected through the third hole of the 
stopper. This tube is joined, by^ means of rubber tubing at g, to a 
capillary tube bent as shown, wMch in turn is connected at h to the« 
small end of the inverted separatory funnel 6 of approximately 500-cc 
capacity joined at the tubulature by rubber tubing to a levelmg bulb. 
Above the point h a capillary tube is sealed on at a right angle and 
eoimecied with a small oi)en mercury manometer m. On the other 
side ol the flask a, connection is made from f by capillary tubing to 1% 
where it is joined by rubber tubing to e, a cylindrical glass tube having 
a capacity of about 300 cc, and pro’vided with stopcock 1. This con¬ 
tainer also^is provided with a leveling bulb, o is a cylindrical oil 
bath in which flask a is immersed in heavy mineral oil. This bath is 
heated from below by means of an electric hot plate p, and within the 
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oil by an electric heater n, carrying a stirrer and regulated by means 
of a bimetallic thermostat r. The oil bath has an inside diameter of 
33 cm and is well insulated on its sides with a 5-cm thiclmess of asbes¬ 
tos. By means of the regulator and heater, temperatures can be 
maintained to within 0.4° C. The total volume of the closed system 
from stopcock s to stopcock Z, including flask a, the condenser, manom¬ 
eter tube, ancl capillary tubing of 0.5-mm diameter, is 1,060 cc. 

In conducting an experiment, the mercury used in b and c is raised 
to stopcocks s and Z, respective^, and the stopcocks are closed. A 
weighed sample is then placed in a, the rubber stopper carrying the 
thermometer, the condenser, and the capillary tube is tightly inserted, 
and connections are made at/ and g by means of rubber tubing. The 
temperature of the air and sample and the barometric pressure are 
noted 'at the time of closing the system, and the enclosed air volume 
(1,060 cc) is later corrected for air displaced by the sample. This 
displacement is calculated from the specific gravity determined experi¬ 
mentally on the dry matter contained in several representative types 



of samples. From the average of these figures, which varied little, a 
correction value was obtained of 0.7 cc of air displaced per gram of dry 
matter. This corrected volume is reduced to the arbitraiy standard 
conditions of 25° C and 760 mm pressure, the tension of water vapor 
being taken into account. 

The bath is now heated by the electric hot plate imtil the tempera¬ 
ture has reached to within about 10° of the desired bath temperature; 
then the heater within the oil is substituted as the source of heat and 
serves for all subsequent heating. As the temperature of the flask a 
and its contents rises, the excess of expanding air is allowed to collect 
in container 6, the stopcock of which has been opened at the start of 
heating. During this time and throughout the entire experiment, the 
level of the mercury is kept adjusted to atmospheric pressure as in¬ 
dicated by the m.anometer levels. If, as in some experiments, con¬ 
tainer b is not sufficient to take care of the air expansion, container c 
also may be used for the purpose. The small condenser d serves to 
condense and avoid loss of moisture in the sample. 
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Wlieii tlie bath reaches the temperature deshed, the^temperature in 
flask a containing the hay sample is recorded as the initial temperature 
for the subsequent ddioiir period of heating at the fixed bath tempera¬ 
ture. Temperature readings are recorded at frequent intervals during 
the heating. The temperature of the sample and air in the flask was 
found to be always somewhat lower than the bath temperatiirej in 
most eases probably oving to the evaporation of water. 

At the end of the 4-hour period the bath is cooled as rapidly as pos¬ 
sible by means of cold water passed through cooling coils located 
around the interior walls of the bath. During the cooling some of the 
previously expanded air collected in 6 is returned to a to take care of 
the contraction in a. 'lYhen the bath temperature has fallen to 50° to 
6(1° C., stopcocks t and I are opened^ and the gas is passed back and 
forth through y from b to c until the entire volume of gas has become 
tlioroiigiily mixed. Finally all the gas is removed from &, and stop¬ 
cock is closed. The sampling of ^gas for analysis is then completed 
Iw drawing into c the volume I’eqiiired for several analyses. From c 
the gas can be transferred readily through capillary connection into 
the burette used in the analysis. 

The time required to raise the oil bath from room temperature to 
80° C. was remarkably uniform in the experiments, the records show¬ 
ing a maximum of 6S, a minimum of 52, and an average of 61 minutes. 
To raise it to 90° required only a few minutes longer. The cooling 
from 80° to 90° to 50° to 60° required an average of 23 minutes. 

RESULTS 

The results of the laboratory experiments are recorded in table 2. 



Table 2.— Results of laboratory experiments on the oxidation of hay 
UNDEROURED ALFALFA AND SLIGHTLY FERMENTED ALFALFA (BATH TEMPERATCJRE» 80° C.) 
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In this table the samples of hay are designated by a combination of 
numbers or of letters and numbers. The letter S indicates that the 
sample was the standard laboratory sample drawn before storage and 
corresponding to the hay stored in wire-cloth containers (or ‘‘baskets ”) 
in the respectiye large-scale experiments. The letter B indicates that 
the sample was from one of such baskets after storage. The number 
in parentheses is the number of the large-scale experiment. In the 
sixth column, which shows the temperature range during the 4-hour 
heating period, the initial temperature of the period is given as the 
lower limit, but the. temperature prevailing during practically all that 
period was very close to the maximum temperature recorded. For 
the purpose of more accurate comparison the oxygen absorbed and 
carbon dioxide formed are computed for equal amounts (25 g) of 
moisture and ash-free sample, and with the exception of section 4 
the results are arranged in the order of increasing oxygen absorption. 
Available O 2 at maximum temperature is that portion of the original 
oxygen remaining in the oxidation flask when the air had been 
expanded by heating to the maximum temperature of the experiment. 
All volumes given in the table are for 25^^ C. and 760 mm. 

The values given in the table for oxygen absorbed and carbon 
dioxide formed are not corrected for the relative solubility of these 
gases in the water of the hay samples at the temperature and pressiue 
of sampling. Such corrections would not exceed 1 cc for carbon 
dioxide and 0.15 cc for oxygen in the hay sample with the liighest 
water content, and in no case would the tabulated results be materially 
affected by these corrections. 

Some of the samples of gas were analyzed for combustible constitu¬ 
ents, with negative results. 

In the case of boiled linseed oil, however, the combustion over 
copper oxide resulted in a contraction of volume equivalent to 0.16 
percent of hydrogen and a production of carbon dioxide equal to 0.32 
percent of carbon monoxide. Attention is called to a recent experi¬ 
ment by Haldane and Makgill (5) in w^hich carbon monoxide occurred 
in the gas resulting from the oxidation of boded linseed oil at 18° C. 
According to Haldane and Makgill, small quantities of carbon 
monoxide are formed also in the oxidation of wet hay at 40°, when 
bacterial activity is entirely excluded. Under the influence of bacteria, 
however, hydrogen is formed. 

In table 2, section 1, S(8) was a sample of undercured alfalfa taken 
in September 1932 from a field in the vicinity of Beltsville, Md. 
Sample S(9) was undercured alfaha from another field near Beltsville, 
collected in June 1933. Sample S(9) fermented was a sample of the 
same hay after exposure in the laboratory to warm moist air for 3 
weeks, while S(9) moldy had been exposed to room temperature for 
11 days in a loosely closed jar. Sample 1(10) was undercured alfalfa 
collected on June 12, 1934, from a field also in the vicinity of Belts¬ 
ville. S(4), 7(4), 9(4), and 6(4) were undercured alfalfa from the 
dairy husbandry farm at Beltsville. Sample 6(4) was slightly sour 
when tested. 

The effect of moisture is indicated in samples 7(4), 9(4), and S(4) 
of hay from the same field. The oxidation increases with the moisture 
content. In samples S(9) fermented, which had undergone microbial 
changes, and S(9) moldy, in which considerable mold had formed, the 
oxidation was greater than in S(9). For apparently the same reason 
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tlie oxidation was greater in tlie soiu’ed sample 6 (4) than in samples 
7(4), 9(4)j or S(4).' The ratio of CO 2 formed to oxygen absorbed is 
less than unitj^ in all experiments. 

In table 2, section 2, samples A(9) and B3(9) were from the same 
hay as S(9) (sec. 1) but had undergone spontaneous heating. These 
samples were collected from a location in the mow (table 1, experi¬ 
ment 9) where a maximimi temperature of 68^^ C. was reached 7 days 
after storage and where a temperature between 68*^ and 60° prevailed 
for 2S days afterward. Sample B3(9) had undergone a decomposition 
loss ill irj organic matter of nearly 14 percent. Samples 18(1) and 
13(1) were similar, ha^nng been collected in experiment 1 from locali¬ 
ties in which an average temperature of 68° had prevailed for several 
days. Samples B2(4), B6(4), 25(4), and B8(4) were the result of the 
heating during storage of undercured hay S(4), 7(4), and 9(4) (sec. 1). 
Samples B2(4^) and B6(4) had been stored in a section of cured alfalfa 
where the temperature for about 25 days averaged 55° and 58°, 
respectively: B2(4) had lost 22 percent and B6(4) 19 percent of dry 
organic matter. Sample 25(4) was collected from a location in the 
originally iindercured alfalfa where the temperature had ranged from 
68.5° to 60° for 30 days. Sample B8(4) had undergone a heating of 
73.5° to 63° for 26 days in a wire basket located in the undercured 
alfalfa section of the mow. This sample had lost a little less than 11 
percent of dry organic matter during storage, but the metal basket 
had become badly corroded, and the sample was contaminated with 
copper and nickel as indicated by the high ash content and proved by 
the analysis of the ash. 

With "the exception of this contaminated sample the results for all 
the experiments in section 2 show very low oxygen absorption and 
carbon dioxide formation as compared with those in section 1. It is 
possible that this is due largely to the comparatively lower moisture 
content of the samples in section 2 , although such an effect is not 
indicated in sample 25(4), which has the highest moisture content but 
only a slightly gi'eater oxygen absorption and carbon-dioxide forma¬ 
tion, ^ Apparently the lower results must be ascribed to the losses of 
organic matter during storage and to the previous destruction of any 
unsaturated substances that might have been formed in the course of 
spontaneous heating. 

The experiments recorded in section 3 of table 2 were carried out at 
tempemtiires about 10° higher than those in sections 1 and 2. The 
effect of this higher temperature is shown in the increased oxidation 
in 5 of the 6 cases, excluding sample B6(4), to which water had been 
added, and in an increase in the proportion of carbon dioxide formed to 
oxygen absorbed in 4 of the same 6 cases. In sample B8 (4) the oxygen 
available for oxidation at the maximum temperature had been greatly 
decreased from the corresponding value shown in section 2 by the 
expansion accompanying the elevation of temperature. 

The experiment with sample S(8) (sec. 4) was designed to show the 
behavior of undercured alfalfa when subjected to oxidation under con¬ 
ditions believed to be favorable for microbial action. Accoi'dingly a 
sample was kept at a temperature of 45° C. for 78 hours in the same 
apparatus and according to the identical procedure followed in the 
ofter experiments at higher temperatures. In this experiment the 
o:^gea absorbed was greater, but the carbon dioxide formed was less 
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than in the experiment mth the same hay at 75° to 77.4° (sec. 1). 
The ratio of CO 2 formed to O 2 absorbed was consequently lower than 
at the higher temperature. 

The alfalfa of previous experiments, sample S(4)_, completely dried 
and ground, was^ heated as shown in table 2, section 4. There was 
very little oxidation, but the carbon dioxide exceeded the oxygen loss. 
To another sample of the same dry and ground hay an equal weight 
of water was added, and the oxidation was observed. The effect of 
this wetting is quite apparent in the enormously increased oxidation. 
Here again the carbon dioxide formed exceeded the oxygen absorbed. 

A third sample of this dry, ground hay heated around 100° C. showed 
a greater oxidation than the same dry hay at 85.5° to 90.5°, with a 
reversal of the ratio of carbon dioxide formed to oxygen consumed. 
Presunaably some destructive distillation was to be expected here, 
and if it occurred it appears to have been accompanied by the for¬ 
mation of products that increased the relative absorption of oxygen. 

The results of the experiment with boiled linseed oil sho^v the char¬ 
acter and comparative degree of the oxidation of unsaturated oil and 
very probably furnish the clue to the nature of the chemical oxidations 
of hay, insofar as these may involve the oxidation of unsaturated 
substances formed as the result of heating. 

The character and extent of the oxidation wdiich occurs in the inter¬ 
val of approximately 1 hour required to bring the temperature up to 
the temperature at which the 4-hour period of heating begins are 
shown in the case of samples 7 (4)a and 1 (10)a. It is evident that this 
initial oxidation is considerable, but of essentially the same character 
as shown by the^ other experiments with the same hay, in which the 
heating was continued for the usual 4 hours, samples 7(4)b and 1 (10)b. 
Furthermore, if the values for oxygen consumed and carbon dioxide 
formed in samples 7(4)a and l(10)a are subtracted from the corre¬ 
sponding values for samples 7(4)b and 1 (10)b, it will be seen that the 
ratios of carbon dioxide formed to oxygen consumed in the 4 hours 
in %vhich the oxidation was confined to the maximum temperature are 
not materially affected. 

Experiments were made to determine the effect of heating more than 
the arbitary 4 hours. Sample 1 (10)c was heated for 20 hours. It was 
then heated for an additional 20 hours with a fresh supply of air, 
sample 1 (10)d. The results show a progressive oxidation, incomplete 
but of approximately the same character. 

DISCUSSION 

The results of the laboratory oxidation experiments (table 2) con¬ 
sidered in relation to the results of the analysis of the gases collected 
in the large-scale experiments (table 1) throw considerable light on the 
question of chemical activity in the heating haymow. In the first 
place, the laboratory experiments at temperatures between 77° and 
80° C., where chemical oxidation occuired in natural undercured 
alfalfa without the uitervention of micro-organisms, show that at these 
temperatures chemical action is accompanied by an oxygen consump¬ 
tion in excess of the carbon dioxide formed, and that this oxidation is 
progressive and of the same character regardless of whether it is 
Hmited to 4, 20, or 40 hours (table 2, secs. 1 and 4). 
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On the other hand, the experiments ^^dth underciired hay which had 
already suffered oxidation in the mow show that at these same tem¬ 
peratures chemical oxidation may result in the production of carbon 
dioxide in excess of the oxygen consumption (table 2, sec. 2). Further¬ 
more, the results of heating at approximately 90° C. show that at this 
temperature there is increased chemical activity accompanied by an 
increase in the proportion of carbon dioxide formed to the oxygen 
^lbsorbed (table 2, sec. 3). It is very probable that in these samples 
some of the oxx’gen combined chemically in the earlier stages 
of chemical oxidation may be liberated as CO 2 in the later stages, 
in which case the carbon dioxide produced may exceed the oxygen 
absorbed. 

It may be concluded, therefore, in harmony with the previous 
conclusions of Haldane and Makgill (4), that a consumption of 
oxygen greater than the liberation of carbon dioxide is an evidence 
of" chemical oxidation. But it does not follow that all chemical 
activity is limited to those instances in which the carbon dioxide 
liberated is less than the oxygen consumed. 

If, therefore, an oxygen consumption in excess of carbon dioxide 
production is evidence of chemical oxidation, in order to determine 
the occurrence of chemical action in the presence of biological activity 
in the spontaneous heating of hay, it is necessary to assume that the 
production of carbon dioxide in amounts equal to or greater than 
the oxygen consuined is characteristic of biological action. This 
assumption appears to be justified by the observations of Haldane 
and Makgill referred to above, and it is in agreement with the results 
of extensive investigations of the mechanism of plant respiration and 
micro-organic activity, at least where the resultant gaseous product 
is carbon dioxide alone. 

Upon the basis of this distinction between chemical and biological 
activity, the results of the investigation of the gases collected in the 
large-scale spontaneous-heating experiments show that, along vfftli 
the respiration processes of the living plant cell and the activity of 
micro-organisms, chemical oxidation occurred where a temperature 
range of 68° to 70° C. prevailed (table 1, experiment 1). For the pro¬ 
duction of the temperature required for the initiation of this chemical 
action, in the absence of other evidence, the operation of biological 
agencies must be assumed. Upon the same basis, chemical activity 
is established also for temperatures between 72° and 78° (experiment 
4 ), and this is still more positively indicated in exi^eriment 3, where 
temperatures between 76° and 88° prevailed for several weeks. 

The results of experiments 5 (maximum temperature, 56° C.) and 
9 (maximum temperature, 68°) do not show chemical oxidation, but 
they do not exclude the possibility of such oxidation as may have 
occurred along with the greater activity of micro-organisms. 

Iroin the evidence thus far presented the conclusion is justified 
that chemical oxidations take place in the heating haymow at a 
temperature as low as 68° C. The evidence of chemical activity is 
not so satisfactory for temperatures much below tliis. However, 
the kboratoiw experiment on sample S(8) (table 2, sec. 4) may be 
interpreteci as showing chemical oxidation combined with microbial 
ftotion. As already stated, this experiment was expected to show 
Hie behavior of undercured alfalfa subjected to oxidation under 
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conditions believed to be favorable for microbial action. In this 
experiment the hay was kept at 45° for 78 hours, and the same 
procedure was followed as in the other experiments at higher tempera¬ 
tures. Here the relation of carbon dioxide formation and oxygen 
consumption was found to be of the same order and character as in 
the same alfalfa at approximately 77°. The C02:02 loss ratio was 
far below unity. If this experiment may be accepted as showing 
chemical action at 45°, it would be reasonable to conclude that, 
throughout the whole range of temperature usually ascribed to the 
action of biological agencies, chemical oxidations also occur, simul¬ 
taneously or alternately. The results obtained in the investigation 
of the oxidation occurring in the interval of approximately 1 hour 
required to raise the temperature of the hay samples to approximately 
75° (samples 7(4)a and l(10)a, table 2, sec. 4) lend support to this 
conclusion. This initial oxidation was considerable and of essentially 
the same character as the subsequent oxidation up to a maximum of 
approximately 80°. 

The existence of chemical activity in a mass of hay in wliich the 
temperature has risen from any cause whatever to the neighborhood 
of 80° C. is further confirmed by the fact that in the laboratoiy 
experiments such activity was produced by heat supplied from external 
sources. Similar activity obviously must be inferred in the case of 
the heating mass of hay at a corresponding temperature. 

The discussion of the results of this investigation would not be 
complete without a consideration of the significance of an oxygen 
consumption in excess of the carbon dioxide liberated in the laboratory 
oxidation experiments. Perhaps the occurrence of small quantities 
of unsaturated substances in the hay may have some influence. 
Again, it might be assumed that there is an unequal absorption or 
adsorption by the heated hay of oxygen and carbon dioxide, which 
wmuld affect the ratio of carbon dioxide formed to oxygen consumed. 
But under the conditions of experimentation it does not appear at all 
probable that the hay was converted into such a condition that it 
would have much adsorptive property. It is far more probable that 
the excess oxygen consumption was mainly owing to incomplete 
oxidations in which there was no corresponding carbon-dioxide 
formation, or to the production, under the influence of heat and 
chemical action, of unsaturated substances which were destroyed at 
once by oxidation. 

Unfortunately, because of the nature of the experiments, it was not 
possible to obtain direct proof of the presence of unsaturated sub¬ 
stances in the products of reaction. The same difficulty was experi¬ 
enced in the effort to show their presence in the samples of undercured 
hay which had undergone spontaneous heating in the mow prior to 
the laboiatory tests (table 2, sec. 2). The comparatively low oxida¬ 
tion results in the case of these samples indicate that a partial or 
complete oxidation of any easily oxidized imsaturated products that 
might have been formed there had already occurred in the mow. 

The desirability of further investigations to determine whether or 
not unsaturated substances are readily formed in hay, either by purely 
chemical processes or by the action of micro-organisms, is quite 
obvious. And if such investigations should demonstrate that under 
the influence of heat supplied from external sources, with the exclusion 
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of microbial activity, unsaturated products are formed, the interesting 
question would arise whether chemical activity in the heating hai^- 
mow may not be due in part to the production by heat of unsaturated 
substances susceptible to oxidation. However, it would be necessary 
to assume that the heat production in the mow is due mainly to 
biological agencies, and consequently the distinction between the 
formation of unsaturated substances by microbial agencies and their 
formation as the x'esult of the heat of microbial activity would be one 
only of proximate or ultimate cause. 

SUMMARY 

The results of an investigation of the gases collected during the 
spontaneous heating of alfalfa hay and comparative results of oxida¬ 
tion experiments in the laboratory are presented. 

Apparatus for the collection of gases from the heating haymow and 
a laboratory oxidation apparatus are described. 

The results of the investigation indicate that, along with the opera¬ 
tion of biological agencies in the heatmg haymow, there occurs a 
purely chemical oxidation, evidenced by a loss of oxygen considerably 
in excess of the carbon dioxide formed. This chemical oxidation is 
more marked beyond the temperature range usually ascribed to the 
activity of micro-organisms. 
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THE CONSTRUCTION OP NORMAL-YIELD AND STAND 
TABLES FOR EVEN-AGED TIMBER STANDS' 


By James G. Osborne, assistant silviculturistj and Francis X. Schumacher, 

silviculiuristy Division of SilvicSy Forest Service, United States Department of 

Agriculture 

INTRODUCTION 

A normal-yield table is a tabulated statement of yields to be ex¬ 
pected from well-stocked, even-aged stands of a given timber type, 
at successive ages, for the range of site qualities characteristic of the 
type. Normal-stand tables are frequency distributions of tree stems 
by diameter classes within stands of given age and site quality. 

All of the timber-yield tables published in the United States during 
the last 10 years have been based, either entirely or partially, upon 
the Bruce method (i) ^ or Reineke^s modification of it (7). The 
accompanying stand tables have usually been based upon one of 
three principles of construction: (1) Correlation of percentiles of 
frequency with average diameter of stand (^, 8 ); (2) graphic fitting 
of either the normal curve of error or some logarithmic transformation 
of the normal cmwe to actual frequency distributions (f, 7); or (3) 
mathematical fitting of the Gram-Charlier series to the actual dis¬ 
tributions after harmonizmg calculated parameters with average 
diameter (4j 5 ^ 9 ^ 10 ). 

It is the purpose of this paper to describe (1) a general method of 
constructing yield tables for the entire stand that is free from the 
inherent rigidity of the Bruce-Reineke method, and (2) a method of 
constructing stand tables that is more objective than the purely 
graphic and less laborious in calculation than the Gram-Charlier 
series. 

YIELD TABLES 

The data upon which yield and stand tables are based consist of 
measurements of sample plots in the desired timber type. The 
sample plots selected should be in even-aged stands and large enough 
to contain 100 to 300 trees. The objective is to enclose a com¬ 
paratively complete crown canopy by excluding the larger openings 
which foUow accident or failure of reproduction and at the same time 
to include the ground area equivalent to that used by the enclosed 
timber. After surveying plot boundaries in order to determine plot 
area, the following measurements are taken: (1) Diameter breast 
high ^ of every tree by species and crown class; (2) heights of enough 
trees (usually 15 to 25) to permit the reliable estimate of average 
height of each diameter class; and (3) age counts, taken with an 
increment borer on several trees, to establish plot age. 

From these data, the yield and the stem distribution of each plot 
are calculated on an acre basis. Yield is expressed in several ways, 
such as number of trees, basal area, average diameter, and volume 
in cubic and board feet. The relation of yield to age and site quality 

1 Received for publication Apr. 30, 1935; issued December 1935 . 

^ Reference is made by number (italic) to Literature Cited, p. 564. 

® Four and a half feet above the ground; abbreviation, d. b. h. 
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is tlien worked out. For tire western white pine type, as an example, 
Haig (S) constructed tables for the foUowir^ expressions of yield; 

A. For the entire stand: 

Number of trees per acre. 

Average diameter breast high. 

Basal area per acre. 

Cubic-foot volume inside bark per acre. 

B. For the trees 6.6 inches d. b. h. and larger: 

Number of trees per acre. 

Average diameter breast high. 

Basal area per acre. 

Board-foot volume per acre, according to the International log rule. 

C. For the trees 7.6 inches d. b. h. and larger: 

Board-foot volume per acre, according to the Scribner log rule. 

D. For the trees 12.6 inches d. b. h. and larger: 

Number of trees per acre. 

Average diameter breast high. 

Basal area per acre. 

Board-foot volume per acre according to the International log rule. 

Board-foot volume per acre according to the Scribner log rule, 

E. For the dominant stand: 

Average diameter breast high. 

Cubic-foot volume per acre. 

Height of average dominant (dominant and codominant) western white 
pine. 

In Haig’s investigation, as in practically all such studies, the direct 
relation of yield to age and site quality was worked out for the basic 
variables of the entire stand only, ^delds of the partial stand (with the 
exception of the height of the average dominant western white pine) 
being derived therefrom. 

These derived curves of yield have proved workable and satis¬ 
factory. But the curves of yield of the entire stand in terms of age 
and site quality are forced into too rigid a mold. The nature of this 
rigidity will be shown and a method of analysis that entirely over¬ 
comes it described. The data consist of measurements of 99 fully 
stocked, even-aged sample plots of red gmn {Liquidamhar styraciflua L.) 
measured by K. K. Winters of the Southern Forest Experiment 
Station. 

THE DETERMINATION OF SITE INDEX 

The quantitative measure of site quality, known as site index, is 
the height of the average dominant (usually including the average 
codominant) tree at a given age, called reference age, for which 50 
years is commonly taken, as in the present discussion. A necessary 
condition for the coiTect determination of site index is that it be 
intrinsically independent of plot age; for then the proportion of the 
sample plots whose site indexes are better—or poorer—than any 
given site index is the same, in the long run, at one age as at another, 
and, convensely, site index may be identified by associating it with 
the probability of occun'ence. For example, the site qiiahties that 
are the most productive 10 percent of the area in a timber type 
should be represented by 10 percent of the sample plots in each age 
class whose height of average dominant—or dominant and codomi¬ 
nant—tree is gieatest. 

The condition stated above may be f ulfill ed in field sampling if, 
wMe trying for approximately equal numbers of plots in each age 
class, conscious^ effort is made to secure random distribution of the 
sample plots with respect to site quality. It then follovrs that the 
curve of height on age (shown in fig. 1, A, for the red gum data) is 
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AGE (YEARS) 


Figure l.—Steps in the determination of site index: j4, Eelation of height of average dominant tree to age; 
since age and site index are independent of each other, this curve is also that of site index 98 feet at 50 
years. E, Relation of the standard deviation of height of average dominant tree to age. C’, Relation of 
the coeflScient of variation to age. 
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not only the gross regression but also a partial regressioUj that is^ it 
represents the relation of height to age for^ a constant site index as 
well as for the average of the site indexes, in this case 98 feet at 50 

years. 

The curves of height on age for other site indexes are next needed. 
In all of the recent yield studies in this country these have been 
defined as curves of the same form as that of average site index but 
differing therefrom by a constant ratio at all ages; for example, the 
curve of height of dominant stand on age for the 80-foot site index of 

red gum would be defined asor —0.184; that is, 18.4 percent 


less than the curve values of figure 1, A, at any age. 

Xow if site index thus defined holds true in nature, it follows that 
the coefficient of variation of height is mdependent of age. Other¬ 
wise there wffll not be the same proportion of the sample plots of a 



FiGUEE 2.—The relation of height of average dominant tree to age and site index: ..4, As determined from 
the relation of the standard deviation or of the coefficient of variation to age; B, on the assumption that 
the standard deviation is independent of age; C, on the assumption that the coefficient of variation is 
independent of age. 


given site class in aU ages. This is an important hypothesis, and one 
that may be tested in each investigation. A method of making the 
test will be illustrated. 

The distributions of residuals from the curve of the average site 
index of figure 1, A, are collected in table 1 by selected age classes. 
At the bottom of the table are given the standard deviations in feet, 
and the coefficients of variation; the latter are the standard deviations 
expressed as percentages of the curve value of the mean. The rela¬ 
tion of these two constants of distribution to age is shown in figure 
1, B and C. The three curves of figure 1 permit of ready cross 
checking, because any value of the standard-deviation curve divided 
by the corresponding average must equal the coefficient of variation. 
Since, according to the figure, the coefficient of variation is not inde- 
of age in the early life of the stand, the definition upon which 
site index has generally been determined in yield studies dining the 
past decade does not hold for the red gum data; that is, the ratio of 
height of dominant stand of a given site index to that of the average 
site index is not constant, but depends, rather, upon the age of the 
stand.^ 


* Roy A. CfeapmsD, of tht Soatten Forest Expermxent Station staff, tested this hypothesis for 3 of the 
pattern pines for wMch yield tables had been published; for 2 of them it did not hold. 
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Table 1. —Frequency distribution of the plot residuals from figure Jf, ^4, by selected 

age classes 


Deviation of height of 
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codominant tree from 
curved height for aver- 
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2 
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11 
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Standard deviation^-feet-- 
Ciirved height at average 
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! 
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5.7 
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~s.'T 
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10.5 

age of class.feet_. 

Coefficient of variation 

39.5 

49.2 

56.1 

70.0 

76.2 

82.6 

89.8 

95.2 

99.1 

104.4 

109.3 

123.1 

percent— 

16.7 

22.8 

10.2 

9.3 

13.0 

10.3 

8.2 

I 10.5 

1 

8.4 

12.4 

8.1 

8.5 


1 Computed from deviations measured to the nearest foot. The data are grouped into 3-foot classes for 
conciseness. 


Fortunately, however, the curves of height of domiaant stand which 
result from such varying ratios may be easily deduced from figure 1. 
Again taking the 80-foot site index as an illustration, the curve for the 
height of dominant stand, as determined above, is 18.4 percent less 
than the curve values of figure 1, Aj but this is at the reference age 
of 50 only. It should, however, be this same number of units of the 
coefl&cient of variation at all ages, so that the probability of occurrence 
of a given site index would be the same at all ages. Since the coeffi¬ 
cient of variation (as read from figure 1, 0) is 9.5 percent at 50 years, 
— 18 4 

site index 80 becomes ^ or —1.94 units measured from the aver¬ 
age curve. And 1.94 times the curve value of the coefficient of varia¬ 
tion at any given age is the percentage reduction to be applied to the 
average curve to give the curve height for site index 80 feet at that age. 
The curves for other site indexes are calculated in a similar manner. 
Several are shown in figure 2, A. 

Site index, then, may be assigned to each plot by plotting the height 
of its average dominant tree over its age on this graph and interpolat¬ 
ing between the nearest curves. 

In practice it is perhaps simpler to base the site-index curves upon 
the standard deviation rather than upon the coefficient of variation. 
As site index is independent of age, though the standard deviation of 
dominant height may or may not be independent of age, site index 
may be defined as a deviation in standard units from the curve of 
dominant height on age. The absolute value of a standard unit at 
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ativ age for red cum is given in figure 1, B. For the reference age of 

" ^ /80—9S\ 

oO years it is 9,3 feet. Hence the SO-foot site index curve is -yl-j 

= — 1,94 standard units measured from the curve of figure 1, A. At 
100 years of age, for instance, the height of dominant stand for site 
index 80 feet is 130-t"(-“1.94XU.3) — 108 feet. Tixis process suggests 
a general expression of height of dominant stand in terms of age and 
site index. We have (1) the expression 




where H is height of dominant stand for average site index, expressed 
as a function/i of age A (fig. 1, A); (2) the standard deviation ctm 
of the height of dominant stand as a function of age A, that is, 


/2(A) 

where f 2 is such a function as defined in figure 1, B. From these two 
expressions and from the definition of site index as given above, 


H^MA)+f2{A)[ 

) 


S^MAA i 

f2(Aj,) I 


in which II is height of dominant stand at age A for site index S, and 
is the reference age which determines the numerical expression of 
site index. This is a general expression of the joint effect of two 
independent variables upon a dependent variable when the correlation 
between the independents is zero. 

If the standard deviation had been found to be independent of age, 
a series of site-index curves, such as those of figure 2, B, would have 
resulted, in which each is a constant difference from any other. On 
the other hand, had the coeflfieient of variation been independent of 
age, the result would have been a series of site-index curves, each a 
constant ratio of any other (fig. 2, (J). Since, however, both the 
standard deviation and the coefficient of variation are dependent upon 
age, the best estimate, as showm in figure 2, A, is intermediate between 
the others. 


THE CONSTRUCTION OF YIELD TABLES FOR THE ENTIRE STAND 

The same general method may be used for the expression of entire 
stand yield in terms of age and site index. Since age and site index 
are independent of each other, the gross regression of yield on age is 
also the partial regression for the average of all site indexes present. 
For a particular site index, however, the regression of yield on age is 
(in the general cas^) at a level which differs from the gross regression 
by a certain niiimber of .units of the standard deviation of yield around 
the gro® r^ession. How the number of such standard" units corre¬ 
sponding .each site index h defined may be illustrated through the 
analysis of red gum in cubic feet and in number of trees. 

In $' is siiov^m the relation to age of the gross regression of 
yoiuine, thf standard deviation of volume, and the coefficient of varia¬ 
tion of volume. The last-named is primarily for cross checking with 
the other two. ' The plotted points were computed in the same way 
m mi the curves are analogous to those of figure 1. 






'IGURE a.—Steos in the correlation of volmne with aee and sit 
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The sample-plot data are next sorted according to site-index 
classes and entered on a form such as table 2, which shows a partial 
listing of the data for red giim^ site index class 70-74 feet. In colunin 
5 are given the estimated volumes of the plots according to plot 
age^ taken from figure 3, .^4. The residuals are given in column 6. 
In column 7 are the estimated standard deviations according to age 
as read from figure 3, and in column 8 the ratio of the residual 
to the standard deviation. For' each site-index class the average 
site index and the average of the corresponding standard units are 
then computed. These standard units are then plotted on site 
index, and a freehand curve fitted to the points (fig. 4, rl), the curve 
defining the deviation of the volume curve of any site index from the 
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FjtjiKE 4. lli<? piirtial resression of yield (in units of the standard deviation at anv age) on sit© indecs 
for .-1, volume in cubic feet, and B, number of trees. 

TOlimie cmwe lor the average of the site indexes, in standard units 
of volume at a particular age. It is converted to units of volume 
by multiplying by the standard deviation for the age. 

Table 2.— Form of compilation and calcidations preliminary to the determination 
of the net regression curves of volume in cubic feet on age 
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site-index class (feet) j Age 
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devia¬ 
tion at 
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the 
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site 
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3.37 
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3.95 1 
5.92 
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-2.55 
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To summarize, three relationships have been established- 
ihe expression of volume for the average of the site indexes, 
terms of age (fig. 3, A) represented bv 


( 1 ) 

in 


V==JM) 
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in which V is volume,/i is its expression in terms of age {A) for the 
average of site indexes; (2) the standard deviation of volume in 
terms of age (fig. 3, B), or 

(Tv =f2(A) 

in which uy is the standard deviation of volume, and /2 is its ex¬ 
pression in terms of age (^1); and (3) from figure 4, ^4— 

i =/3(S) 

ay 

in w^hich v is the deviation of the volume for a given site index from 
fi (^4), (Ty has the same meaning as above, and fz is the expression 
of the ratio in terms of site index (S), The volume for any age and 
site index may therefore be expi'essed as follows: 

v=ma)+{UA).mS)} 

In figures 5 and 4, B, are presented the set of curves needed to 
express number of trees per acre in terms of age and site index. 
It is preferable, in the case of this variable, to plot both the average 
number of trees and the standard deviation on logarithmic scale, 
as the same relative accuracy is thus assured at all ages. 

As stated above, the methods now in use for arriving at the yields 
of the partial stands have proven wmrkaWe and satisfactory. These 
methods are based upon the relation of one of the following values 
of the partial stand to the average diameter breast high of the entire 
stand: (1) The ratio of the partial stand yield to the entire stand 
yield, such as the ratio of the basal area of the trees 6.6 inches 
d. b. h. and larger to the basal area of the entire stand, or the ratio of 
board-foot volume in the trees 12.6 inches d. b. h. and larger to the 
cubic-foot volume of the entire stand; (2) the difference between the 
partial stand yield and the corresponding yield of the entire stand, 
such as the difference between the average diameter breast high of 
the trees more than 12.5 inches and the average diameter breast 
high of the entire stand. 

The yields for the partial stand are calculated by applying the 
proper ratio or difference to the particular yield of the entire stand 
which had served at the base of the ratio or difference, by reference 
to the average diameter breast high of the entire stand. 

While this method is subject to a theoretical imperfection in that 
the ratios or differences as related to the average diameter breast 
high of the entire stand have not been proven to be completely 
independent of age and site quality, it has two important practical 
advantages: (1) Proper weights may be readily assigned to ratios 
which are correlated mth only a single variable; (2) the correlation 
of ratios, or differences, with average diameter breast high serves to 
prevent absurdities wrhich may foUow the fitting of ,vield curves 
independent of one another to age and site quality.^ 

5 It is obvious, for instance, that the average diameter breast high of the trees 6.6 inches and larger cannot 
be less than the average diameter breast high of the entire stand; that the ratio of the basal area of a partial 
stand to the basal area of the entire stand cannot exceed 1. 
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STAND TABLES DEFINED BY THE PEARL-REED POPULATION 
GROWTH CURVE 

The value of an objective method of stand-table construction is 
apparent. It should be flexible enough to maintain the inherent 
variation of timber stands, but it should not necessitate laborious 
computations in application. The search for such a method led to 
the Pearl-Reed population growth curve (d). This curve is of the 
form 

2 /—^ + ( 1 ) 


where y is the population in a restrictedFgeographical area, c is the 
lower asymptote or the population at the beginning of a cultural 
epoch, (^+r) is the upper limiting asymptote of population, 7n is an 



VALUES OF X 

Figure fi,—An illustration of the Pearl-Reed population growth curve. 


arbitrary constant, e is the base of the Naperian logarithms, x is the 

date, and/(r) is of the form - \-bnX'\ Figure 6 is an 

example of this type of curve. 

A special case occurs when c=o and If, under these con¬ 

ditions, y is defined as the number of trees in an even-aged timber 
stand whose diameters are less than a given limit a:, expressed in 
percentage of the total number of trees in the stand; then the curve 
of equation (1) closely resembles the cumulative frequency curve 
of a typical forest-stand diameter distribution (fig. 7). 

In an analysis of a curve of this type it is convenient to use the 
calculus method. A reader not interested in the theory may pass 
over the subsequent discussion as far as equation (2) without loss 
of continuity. 
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Tiie curves of figure 7 approacli the ordinates y=0 and y=100 
very slowly; hence "these ordinates may be considered asymptotes to 
tlie^eiirYes". This suggests the condition— 


^=( 100 - 2 /) 2 //(a-) 


for which ^ vanishes at y—O and at y= 100 . To facilitate the 
integration, the right-hand member may be divided by — 100 . This 
operation does not change the values of y when ^=0- Accordingly, 


dx 


(100—y)y 


-100 


■fix'). 


Separating variables, we have— 


{W0-y)y JWO-j:- 


Adding and subtracting 7 -. ■, , 

= '=( 100 -j/)y’ 

Integrating— 

—dy 
100 — 2 / 

f f : 

J 100 - 2 / J 

or 

0 ^ 

hU 

0 

1 

If we define 

then 

ffx) — hiX-ri'i^ "T"i 


=f{x)dx. 




-a. 


log, 


[IQQ-^] 

2 / r 


=a+hiX-j- b2xr d- hnX"^ . 


( 2 ) 


The curve is most easily fitted to data in the form of equation ( 2 ). 
Its exponential form is— 


or 


y 


100 

y 1 + n 


(3) 


and this is identical with the Pearl-Eeed-curve when c= 0 , ^== 100 , 

and 

In order to determine^ the number of terms in x necessary to fit 
equation ( 2 ) satisfactorily to even-aged stands as encountered, 
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coordinates were read from a Pearson type III curve, tlie /3i and ft 
coefficients of which were 1.73 and 4.96 respectively; and the following 
equations fitted successively: 


logj- y 


Iog|~ ~y =ffl+ 61 x 4 - box- 

=a+ JixH- hiX? T- hiO? 


The first two proved inadequate but the tliird followed the data 
closely. This is deemed sufficient reason to apply the last form to 
the red gum distributions. 



FiGrRE T.—Comparison of actual with, calculated cumulative frequencies in stands of small (*4), medium 

(B), and large (C) timber. 


APPLICATION TO INDIVIDUAL STANDS 

The plots were therefore sorted according to average diameter^ (by 
basal area) into groups with l^-inch class intervals. A combined 
stand tally for each group was then computed, showing the frequency 
of trees in each 1-inch diameter class from which the arithmetic 
average of the diameters was calculated. The frequencies of succes¬ 
sive diameters, starting with the lowest, were then accumulated, and 
the cumulative values expressed as percentages of the total frequency. 
Table 3 shows the form of this summary, a line for each group. 


Table 3, —Form of summarizing field data on forest stands 


1 

1 

1 

Average stand 
diameter class by ! 
basal area 
(inches) 

Arith¬ 

metic 

aver¬ 

age 

diam- j 
eter 
breast i 
high j 

Plots 

i 

2.5-2.9.. 

Inches 

2.39 

Number 

5 

3.0-3.4 .. 

2.93 

3 





Cumulative frequency percentages (y) for diameter class limits 
(upper), inches (j) 


1.5 

2.5 

3.5 

4.5 

5.5 

6.5 

Percent 
20.6 
10.8 i 

Percent 

57.4 

46.0 

Percent 

86.8 

72.0 

Percent 

97.0 

87.1 

Percent 
99.0 
95.0 i 

! 

Percent 

99.6 

98.1 


8.5 


Percent 

100 

99.5 


Percent 


100 


34113—35- 


-G 
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Defiiiiiig y as tlie cuniiilative frequency to the upper limit of any 
diameter classj and x as the corresponding upper Unlit itself ^ a curve 
of the form of equation ( 2 ) in which— 

log I —^1 == a+fiio;+ b 2 X ^+ 

[ If J 

was fitted to the data of each group by the method of least squares, 
the constants u, 6i, h, and h being deriyed from the solution. In 
this work the ?/ values were given unit weight and the x values were 
assumed to be without error. 

The actual data of each group and the derived curve were then 
plotted on the same graph. Three of these comparisons are shown 
in figure 7 . After completing this work for each of the 27 groups, 
the constants a, hu h, and h were plotted over the arithmetic average 
diameter breast liigh of the group as in figure 8 . 

ADJUSTMENT OF THE CONSTANTS 

The distribution constants plotted in figm’e 8 should be adjusted in 
such a way that they progress smoothly with increase in average 
diameter breast liigh and also that they be consistent with one 
another. To effect the required harmonization a method of successive 
approximation was adopted which permits of the adjustment of two 
of the constants at a time, tlirough the following relationships: 

na 4- ^log 

a -f hMa+hAUA 

in which n is the number of diameter classes in an actual distribution 
and Mi is the median diameter breast high of the computed curve. 
The first equation is simply one of summation over all diameters of 
an actual distribution. The second equation, based upon the defini¬ 
tion of the median, is simply that y==50 when a:=median diameter 
breast high; that is— 

log(^-^)=log 1=0 

at median diameter breast high. Accordingly, the median diameter 
was calculated from each curve. The relation of the median diameter 
to the aritlunetic average diameter itself is shown in figure 9 . By 
means of this relation the median diameter breast high for the second 
of equations (4) is determined. 

Since the data of figure 8 define trends of the constants and 63 
that are obviously more definite than those of a and 61 , freehand 
curves representing second estimates of the former two constants were 
drawn as shown. The curve values of each group were then sub¬ 
stituted for 62 and b^ in equations (4), and the corresponding medians 
taken^from figure 9, as stated above. The simultaneous solution of 
©quatioi^ (4), for each group thus affords second estimates of the con¬ 
stants^ e and li which have weH-defined trends and considerably less 
variation than the first estimates; these were used in drawfing the 
; ;l^ni curves shown m the upper half of figure 8 . 
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0 2 4 6 8 10 12 i4 16 

ARITHMETIC AVERAGE D.B.H. OF GROUP (iNCHES) 


Figure 8 .~Steps in the adjustment of cumulative frequency constants. The plotted points, called first 
estimates, were calculated for each group. Freehand curves through &a and 63 (C, D), called second esti¬ 
mates of these constants, were used to calculate second estimates of a and 61 (/I, B); through the latter 
freehand curves were drawn, and these are compared with the first estimates of a and 61 (A, B). 
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As a check, the new curve estimates of a and bi w^ere substituted 
in equations ( 4 ), and new values of &2 and 63 calculated. In figure 10 
these are compared graphically with the previous estimates. vSlight 
changes were made as indicated. 

In order to retain three figures for the numerical values of 62 and 63 ? 
the curves of figure 10 were redrawm on semilogarithmic paper, with 
breaks, of course, as 62 becomes negative and 63 approaches zero. 
These final adjusted constants permit the calculation of such cumu¬ 
lative stand tables as may be desired, by substituting them in equation 
( 2 ) or ( 3 ). One for each inch of average diameter breast mgh by 
basal area is presented in figure 11 , Since the constants are expressed 
in terms of the arithmetic average diameter of the 27 original groups 
(figs. 8 and 10 ), a subsidiary curve of the latter on average diameter 
by basal area was first constructed, and from this, the arithnietic 
average diameter corresponding to each whole inch of average diam¬ 
eter by basal area was read, and the associated constants taken from 
figures 9 and 10 as redrawn on logaritlimic scale. 



Figure ll.~Cumulative frequency percentages in number of trees by diameter-breast-bigh classes for 

red gum. 


SUMMARY 

A method of constructing normal-yield tables is described which 
does not presuppose, as the Bruce-Reineke method does, that the 
coefficient of variation of yield of the entire stand is the same at all 
ages. It is shown, using normal stands of red gum as examples, that 
the coefficient of variation for height of dominant stand, for volume, 
and for number of trees is dependent upon age of stand. 

^ The basis of the method is that the relation of the standard devia¬ 
tion, or the coefficient of variation of yield, to stand age determines 
the form of the growth curve of any site index from the growth curve 
of the average site index. 

Stand tables are constructed by apphcation of the Pearl-Reed 
population growth curve to cumidative frequency distributions of 
red gum by diameter-breast-high classes. 

A method of harmonizing the curves through adjustment of the 
descriptive constants two at a time, by successive approximation, is 
described. The work is less laborious than the use of the Gram- 
Charlier series and is more objective than the strictly grapliic methods 
of constructing stand tables. 
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PHYSIOLOGICAL FACTORS INFLUENCING THE RATE 
OF EGG FORMATION IN THE DOMESTIC HEN ‘ 


By D, C. Warren, poultry geneticist, and H. M. Scott, poultry physiologist, Kansas 
Agricultural Experiment Station 

INTRODUCTION 

It is a well-established fact that a bird^s annual egg record is 
conditioned by a number of more or less independent factors. ^ Some 
of these factors are age at sexual maturity, pauses in production due 
to broodiness, or other inherent tendencies, persistency, and intensity 
(rate of production). 

One of the most important members of the group of factors is rate 
of production. Hays ^ has presented some evidence that this trait is 
inherited. The usual measures of intensity or rate of production 
have been percentage of egg production for a given period or the 
mean clutch size. Hays and Sanborn ^ have shown that either may 
be used as a measure of intensity. Considerable attention has been 
given to the hereditary but very little to the physiological aspects of 
intensity. It is the purpose of this paper to consider the physiological 
basis of intensity of egg production. A more adequate knowledge of 
these features should aid greatly in the genetic approach to the 
somewhat complicated problem of heredity of rate of egg production. 

EXPERIMENTAL FINDINGS 

RELATION OF PRODUCTION RATE TO INTERVAL AND CLUTCH 

This study is concerned primarily with those features which in¬ 
fluence the rate of egg formation. It is a well-recognized fact that 
individual hens have a characteristic time interval between eggs which 
is maintained with fair uniformity. The daily egg record is charac¬ 
terized by a succession of groups of consecutive eggs of more or less 
uniform number separated by a day^s pause. The series of eggs on 
successive days has usually been referred to as a clutch. The rate of 
production is dependent largely upon the size of the clutch or in other 
words, the frequency with which the days of nonproduction occur. 

^Accurate timing of egg laying of individual birds reveals the fact 
that the length of the interval between successive eggs is an important 
factor in deterxnining clutch size. The first egg of a clutch is usually 
laid in the morning and since the interval is ordinarily more than 24 
hours the successive eggs are produced somewhat later each day. 
Thus a bird wdth a 26-hour interval may lay at 8 a. m., 10 a. m., 
12 noon, 2 p. m., 4 p. m., and then miss a day^s production. Then 
the clutch wiU be repeated after a day's rest. Birds with longer 
intervals will have smaller clutches. This relationship between 
interval length and clutch size has been well established by Atwood. ^ 

J Received for publication June 1,1935; issued December 1935. Contribution no. 88 from the Department 
of Poultry Husbandry, Kansas Agricultural Experiment Station. 

® Hays, F. A, inbreeding op Rhode island bed fowl with special reference to winter egg 
PRODUCTION (preliminary REPORT). Amet. Nat. 58:43-59. 1924. 

a -and Sanborn, R. intensity or rate of laying in relation to fecundity. Mass. Agr. 

Expt. Sta. Tech. Bull. 11, pp. [180]-194. 1927. 

* Atwood, H. a study of the time factor in egg production. W-'. Va. Agr. Exp. Sta. Bui. 223, 
11pp. 1929. 
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It is kiirr^tii ilifit there is some relationship between egg production 
and diiT&lit and da-rkness since hens do not lay at night and the 
onset of darkness in some cases appears to be the factor responsible 
lor the termination of the clutch. Previous investigators have 
believed tiiat the egg which, due to the characteristic interval length, 
would have been laid in the latter part of the afternoon or at night 
had been formed normally but, because of the onset of darkness, was 
not laid at the end of the usual interval. Tne usual interpretation 
was that the egg was fully formed at the end of the normal interval 
but witliheld by the hen until the next morning, thus becoming the 
first egg of the new clutch. Thus if a bird laid at 4 o^clock yesterday 
and had an interval length of 28 hours she would be due to lay at 8 
o’clock Tonight. It was thought that today^s egg would be fully 
formed at 8 okdock but because of darkness would be held until the 
next morning. If this were the correct interpretation, the egg 
following a day^s pause (the first egg of the clutch) would be in the 
oviduct much longer than other eggs. Such eggs have been referred 
to in the literature as held eggs. 

It is now known that there is no withholding of the first egg of the 
clutch and that the formation time is the same regardless of clutch 
position. The missing of a day between clutches is due to a delay in 
ovulation instead of the withholding in the uterus of the fully formed 
egg. This fact was established by bihourly examinations of a number 
of hens during several days. The position and sta^e of formation of 
each egg was determined by handling the hens individually. Figure 
1 brings out the fact that the eggs follow'ing a pause require no more 
time for formation than do those laid consecutively. The record 
shown in figure 1 was obtained under normal lighting conditions. 

TIMING EGG FORMATION 

In addition to studies from autopsies, time records were secured ^ 
on five anesthetized hens ■wherein it Avas possible to follow the 
formation of the egg from time of ovulation to its entry into the 
uterus,_ From these studies no differences in rate of passage through 
the oviduct could be detected in hens differing in interval length. 
Although the number of birds was small this wms interpreted to 
indicate that differences in interval length probably may be accounted 
for largely by the time spent by the egg in the uterine region of the 
oviduct. 

To secure additional data on the time spent by the egg in different 
parts of the oviduct of hens varying in interval length, observations 
ivere made on two groups of hens. The hens w^ere White Leghorns, 
Khode Island Reds, and a few first-generation hybrids. They were 
kept in individual hen batteries to expedite frequent examination^ 
Two series of 40 liens each were observed for periods of 2 weeks each. 
The hens were examined at 2-hour intervals from 7 a. m. until 9 
p. m. and egg-laying records w^ere^taken hourly throughout the day. 
At each 2-hoiir interval the position of the egg w^as determined by 
probing the cloacal opening. Data were taken on both the position 

Scott, H. AI. ovuiation in the domestic hen. Science (n. s.) SO: 461-4(32 

- - ana &OTT. H. M. the time factos in egg foemation. Poultry Sci. 14: 195-207. 1935. 
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Figure 1 .—Record sheet of bird no. 34 for a 2-week experimental period in which each egg was traced 
during formation. The hen was examined at the hours indicated and the stage of egg formation recorded. 
The letters and symbols record the following stages: M, Membranous egg; MP, membranous egg well 
plumped, SS, soft shell; H, hard shell; X, egg laid since last examination; 0,egg laid since last examination 
and no evidence of the succeeding egg; 0,no evidence of egg in oviduct. Thus on January 13, no evidence 
of an egg was found at 7 o’clock but a membraneous one was found at 9. The egg became plump at 1 
o’clock, was soft shelled at 5, and hard shelled at 7. It was hard shelled the next morning at 7 and was 
laid between the 8- and 9-o’clock examination. The succeeding egg was not found in the oviduct at 
the 9-o’clock examination on January 14. 
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It is known tluit tiiere is some relationsliip between egg production 
and fiaTiiglit and darkness since hens do not lay at night and the 
onset of darkness in some cases appears to be the factor responsible 
for the termination of the clutch. Previous investigators have 
believed that the egg which, due to the characteristic interval length, 
would have been laid in the latter part of the afternoon or at night 
had been formed normally but, because of the onset of darkness, was 
not laid at the end of the usual interval. The usual interpretation 
was that the egg was fully formed at the end of the normal interval 
kit withheld b^^ the hen until the next morning, thus becoming the 
first egg of the new clutch. Thus if a bhd laid at 4 o'clock yesterday 
and hacl an interval length of 28 hours she w’-ould be due to lay at 8 
o'clock tonight. It was thought that today's egg would be fully 
formed at 8 o'clock but because of darkness would be held untU. the 
next morning. If this 'were the correct interpretation, the egg 
following a day's pause (the jfirst egg of the clutch) would be in the 
oviduct much longer than other eggs. Such eggs have been referred 
to in the literature as held eggs. 

It is now known that there is no withholding of the first egg of the 
clutch and that the formation time is the same regardless of clutch 
position. The missing of a day between clutches is due to a delay in 
ovulation instead of the withholding in the uterus of the fully formed 
egg. This fact was established by bihourly examinations of a number 
of liens during several days. The position and stage of formation of 
each egg was determined by handling the hens individually. Figure 
1 brinp out the fact that the eggs following a pause require no more 
time for formation than do those laid consecutively. The record 
shown in figure 1 was obtained under normal lighting conditions. 

TIMING EGG FORMATION 

In addition to studies from autopsies, time records were secured ^ 
on five anesthetized hens w^herein it w^as possible to follow the 
formation of the egg from time of ovulation to its entry into the 
uterus. From these studies no differences in rate of passage through 
the oviduct could be detected in bens differing in interval length. 
Although the number of birds was small this was interpreted to 
indicate that differences in interval length probably may be accounted 
for largely by the time spent by the egg in the uterine region of the 
oviduct. 

To secure additional data on the time spent by the egg in different 
parts of the oviduct of hens varying in interval length, observations 
were made on two groups of hens. The hens 'were White Leghorns, 
Rhode Island^ Reds, and a few first-generation hybrids. They were 
kept in ^individual hen batteries to expedite frequent examination* 
Two series of 40 hens each were observed for periods of 2 weeks each. 
The hens were examined at 2 -hour intervals from 7 a, m. until 9 
p. ni. and egg-laying records were taken hourly throughout the day. 
At each 2-hour interval the position of the egg was determined by 
probing the cloacal opening. Data were taken on both the position 


s WAEEiSy I>. C,. and Scott, H, M. ovulation in the domestic hen. Science (n. s.) 80: 461-462 
-and ScoTi, EE. M. ihe time eactoe in egg poemation. Poultry Sci. 14: 195-207. 1935. 
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Figure l.—Record sheet of bird no. 34 for a 2-week experimental period in which each egg was traced 
during formation. The hen was examined at the hours indicated and the stage of egg formation recorded. 
The letters and symbols record the following stages: M, Membranous egg; MP, membranous egg well 
plumped, SS, soft shell; H, hard shell; X, egg laid since last examination; <8), egg laid since last examination 
and no evidence of the succeeding egg; 0, no evidence of egg in oviduct. Thus on January 13, no evidence 
of an egg was found at 7 o’clock but a membraneous one ■was found at 9. The egg became plump at 1 
o’clock, was soft shelled at 5, and hard shelled at 7. It was hard shelled the next morning at 7 and was 
laid between the S- and 9-o’clock examination. The succeeding egg was not found In the oviduct at 
the 9-o’elock examination on January 14. 
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o: the ega* and the stiige of formation. The presence of the egg could 
be deteck-d &st at about the time it entered the isthmus. At this 
eariv stage the egg could be located only by probing into the large 
intestine \aiicl exploring the region near the dorsal abdominal wall 
Experience gained in following a few eggs made it possible to make 
reiatiTely accurate determinations of position. Kecords were taken 
as to the plumpness and degree of shell formation of the egg. 

The positions and stages of development utilized in following the 
egg in the process of formation were: Time of laying of previous 
eggj first detection of the egg (approximate time of entering the-isth¬ 
mus), plumping of egg after about 2 hours in the uterus, and the 
beginning of shell deposition. By these observations a comparison 
could be made of the rate of passage through the oviducts of hens 
differing widely in length of interval. 

A sample record sheet for one hen subjected to normal lighting 
during the 2 -week examination period is given in figure 1 . From 
record sheets such as tliis, summaries were made (table 1 ) of the 
data secured for 2 weeks on the 80 birds under observation. In 
a preliminary experhnent the hens were handled hourly throughout 
the day, but it was found that such frequent disturbance caused most 
of the birds to stop laying. The interval between handlings was 
increased to 2 hours and most of the hens remained in production 
undei these conditions. It was believed that the bhds ceased to lay 
because of the frequent disturbance rather than because of any 
injury resulting from the exploration of the abdominal cavity. 

In the presentation of the data in table 1 an attempt has been made 
to account for differences in interval length in terms of time spent 
in different parts of the oviduct. 

Table 1. —Mean time spent in different parts of the oviduct by eggs requiring 
various periods for formation 


Time required for interval lengths i of— 


iiem 1 

25 

20 

27 

2 S 

29 

30 

Time from laying of previous egg to entrance of 

Hours 

Hours 

Hours 

Hours 

Hours 

Hours 

isthmus by nest egg.-.-_I 

4.3 

4.6 

4.2 

4.7 

5.2 

5.3 

Time spent in uterus..... 

18.0 i 

1 IS. 4 

! 19.9 

1 19.8 

20.8 

21.6 

Time from first indication of shell until egg is laid_i 

13.8 j 

14.7 

i 15.6 

1 16.4 1 

17.0 

17.9 


Number] 

{Number 

i 

\ Number] 

\ Number 

Number 

Number 

Eggs laid.-...-.i 

9 i 

i 25 

! ^ 

1 42| 

44 

21 


J Much of the 5-hour dilference in interval length observed here is accounted for in a lengthening of 
the absolute time spent in the uterus. 


FORMATION STAGES AND PERIODS STUDIED 

The timed observations made it possible to establish four rather 
definite stages in egg formation. By using these stages as boundaries 
it was possible^to divide the process of formation into two periods. 
The stages which the records revealed were: (1) Time of laying of 
previous egg;^ (2) first detection of the forming egg about the time it 
entered the isthmus; (S) the plumping of the egg which occurred 
about 2 bourn after entering the uterus; and (4) the laying of the egg 
being traced. 

The fimt period included the^ time between laying and ovulation 
'ftlso included roughly the time spent in the magnum (albumen- 
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secreting: section). If the egg is the first one of a new clutch this 
period also includes the extended interval responsible for the inter¬ 
ruption in production and the establishment of clutches. Therefore^ 
with the first egg of the clutch, the period intervening botv’cen the 
previous laying and the detection of the succeeding egg has been used 
as a measure of the delay in ovulation, since the time spent by the 
egg in the magnum before discovery constitutes only a small part of 
the wdiole. When no delay in ovulation occurred, the time between 
expulsion of the previous egg and ovulation of the next one was so 
small that the period was considered primarily as a measure of the 
time spent in the magnum. 

The second period was the one between the egg^s attainment of a 
plump stage and its expulsion. This constituted roughly the time 
spent in the uterus or the period in which shell deposition occurred. 
It is realized that some of the limits of these periods have been some¬ 
what inaccurately estabhshed by the methods of observation utilized 
but they do offer an avenue of approach to the problem of phy^siologi- 
cal factors influencing rate of production which would otherwise not 
be available. Since a large enough number of eggs hare been traced 
to make it possible to express comparisons as means the errors of 
observation probably have been largely compensated. 

INTERVAL AND TIME SPENT IN DIFFERENT REGIONS OF OVIDUCT 

In table 1 the data have been segregated on the basis of the interval 
required for egg formation. The term ^interval” is used in this 
paper to apply to the time ensuing between the laying of successive 
eggs of the clutch. Thus the interval is a fairly accurate measure 
of the time required for egg formation. Obserrations on first eggs 
of the clutch have been excluded from these data because no accurate 
knowledge of the time spent in the oviduct could be secured. Due to 
the delay in ovulation occurring in the case of these eggs the time of 
the previous laying is of no value in calculating the time required for 
egg formation. For those eggs following the first of the clutch there 
intervenes only a few minutes between laying of the one egg and the 
ovulation of the next. Therefore, in eggs other than the first one of 
the clutch the time spent in the oviduct and the interval length are 
practically identical. The data have been so interpreted in calculat¬ 
ing the time spent in the various regions of the oviduct in eggs varying 
in interval length. 

The range of period required for egg formation (interval length) in 
the 161 eggs traced, was from 25 to 30 hours. Many of the eggs pro¬ 
duced \vere not included in this total. All eggs follow^ing a pause, 
and any others w^here data w^ere incomplete w^ere excluded. Some 
birds stopped laying during the experiment w^hile others produced 
many one-egg clutches wdiich were of no value. By calculating the 
mean time spent in the various parts of the oviduct by the eggs 
showing variation in interval length, one should be able to determine 
in what part of the oviduct the extra time is spent by the eggs with 
long intervals. This should indicate how high- and low^-intensity 
birds differ in egg formation. Intensity of egg production is condi¬ 
tioned by two factors, the interval length and the length of the pause 
between clutches. In the foUowring discussion those factors respon¬ 
sible for variations in interval length are considered first. 
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REGIONAL DISTRIBUTION OF VARIATIONS IN INTERVAL LENGTH 

It is seen that the extreme range of variations (table 1) in time from 
iaving of previous egg to the entrance of the next egg into the isthmus 
will account for only a small part of the absolute difference in interval 
length encountered". The variation in time recorded between laying 
and the reaching of the isthmus by the next egg was only 1 hour (4.3 
to 5.3 lioiirsj while the variation in interval length was 5 hours (25 to 
30 hours). There remains the question whether the variation in 

time required to reach the isthmus has 
any significance in relation to interval 
length. In the previous work by the 
authors ® the time required for passage 
of the egg through the magnmn in 
anesthetized birds was very uniform. 
In the earlier studies there was found 
to be much more variability in the time 
between laying and ovulation. The 
means given in the first line in table 1 
include the time between laying of the 
one egg and the ovulation of the next 
as well as the time required to traverse 
the length of the magnum. There was 
no consistent agreement between the 
increases in length of the interval and 
the length of the period between the 
previous laying and the entry of the 
next egg into the isthmus. There was, 
however, a difference of 1 hour in time 
required for the egg to reach the isth¬ 
mus in birds with the longest and 
shortest intervals. If this 1-hour dif¬ 
ference is accepted as being significant, 
it would seem that the lengthening of 
the interval is uniformly distributed 
throughout the oviduct. Twenty per¬ 
cent of the total variability of the in¬ 
terval is accounted for in the period 
required for ovulation and traversing 
the magnum by the egg and approxi¬ 
mately that same percentage of the 
whole period of egg formation has 
elapsed when the egg reaches this 
point (posterior end of magnum). So, 
although the amount of the variation 
in length of interval accomited for in 
the magnum is small, it is as large as 
might be^expected ^for a section of the oviduct in which the egg spends 
so little time. This relationship is indicated more clearly in figiue 2. 
It may be questioned whether the 1-hour variation in time spent in 
inagnum has any significance when the observations were made at 
2-h€rtir intervals. 

^ In an earlier studjc absolute' or relative variations in time spent 
in the inag nimi, or time required for ovulation, could not be corre- 

i V XMXMtKf n. C., sBcl ScOTij H. M. $66 footBot6 5, first reference. 
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lated witli differences in mean interval length. If the “variation 
found here is considered as significant it must be accounted for either 
as a delay in ovulation or a retardation of the rate of passage through 
the magnum in birds with longer intervals. Since so little variation 
was foimd in the rate of passage through the magnum and since 
there was considerable variabihty in time required for ovulation, the 
writers are inclined to designate the latter as the probable source of 
the lengthening of the interval in this region. The maximum varia¬ 
tion in time between laying of the previous egg and the next ovulation 
in anesthetized birds was a little over 1 hour. 

The data on time spent in the uterus by eggs having varying interval 
lengths are given in the second line of table 1. This period was 
measured by the^ time^ intervening between the egg reaching a 
plump stage and its being laid. The egg probably requires about 
2 hours to become plump after entering the uterus, so tliis measure¬ 
ment is fairly accurate for estimating the period spent by the forming 
egg in the uterus. When the egg first enters the uterus the mem¬ 
branes are rather loose fitting and fluids then pass through them 
causing the egg to take on the plump state before any calcium depo¬ 
sition can be detected. The data in the third line of table 1 are the 
intervals between the time when the presence of shell material could 
first be detected and the laying of the egg. The shell formation 
can probably be detected in about 5 hours after the egg enters the 
uterus. The time of detection of either of these stages (plump or 
shell) may be used as a point from wliich to calculate the relative 
time spent in the uterus by eggs of different interval lengths. 

It is showm that the period spent in the uterus, as measured by 
the time elapsing betw^een the plump membranous stage (or the 
early shell formation stage) and laying, varies directly with the 
interval length. With each increase of an hour in interval length 
there is a corresponding, though not always equal, increase in hours 
spent in the uterus. For the 5 hours’ difference in interval length, 
3.6 hours are accounted for in the extremes from the plump stage to 
laying and 4.1 hours in the extremes bet'ween the first indication of 
shell formation and laying. In the former case 1.4 hours and in the 
latter 0.9 hour of the variation in interval are unaccounted for in the 
variations of time spent in the uterus. Since extremes of interval 
length are included perhaps one should not expect the means of time 
spent in the uterus to account for these extremes even though the 
uterus is the section of the oviduct where the variations in interval 
length occur. It can at least be stated that most of the variability 
in the absolute length of the interval may be accounted for by differ¬ 
ences in time that the egg remains in the uterine region. It should 
be kept in mind that only those differences in interval are here con¬ 
sidered which are found in birds having clutches of two or more 
eggs in size. Birds with 1 egg clutches were not included because 
of the impossibility of accurately calculating interval length. Also 
the long interval occurring between clutches is excluded. 

It should be emphasized that normally approximately 82 percent 
of the interval is accounted for by the time the egg remains in the 
uterus. So if the difference in time of egg formation between long- 
and short-interval birds is uniformly distributed over the entire proc¬ 
ess of egg formation much of the difference would be accounted for 
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in tlie uterine stage. In accounting for the differences in interval 
length the time spent in the istlmius has not been discussed. The 
formation time in tliis region is so short and methods of locating the 
egg in this section of the oviduct so crude that it was not considered 
feasible to make comparisons in this region. It is also true that the 
differences encountered in interval length had all been accounted for 
in the magnum and uterus. 

0\TILATI0N DELAY AND CLUTCH 

The foregoing study has accounted for much of the difference in 
interval length which is an important factor in rate of egg production. 
There remains a second factor which contributes to intensity or rate 
of laying. This is the length of the period between clutches. The 
occurrence of a break between clutches is due to a delay of a few 
hours in ovulation. For successive eggs in a clutch ovulation occurs 
practically immediately^ following the expulsion of the preceding egg. 
The length of the period internipting the regular seciuence of ovula¬ 
tion was measured by the period intervening between the detection 
of the presence in the oviduct of the first egg of the clutch and the 
laying of the last egg of the previous clutch. This period includes 
the time spent in the magnum by the first egg of the clutch as well as 
the period of delay in ovulation. These two factors cannot be segre¬ 
gated one from the other but it has already been shown that the former 
varies hut little. Therefore, this interval may be used as a measure¬ 
ment of the variability in delay of ovulation. Since the length of the 
clutch is conditioned largely by the interval length, clutch size may 
be used for grouping the birds as to their interval length. They were 
placed in six arbitrary grades of increasing clutch size and the respec¬ 
tive periods of delay of ovulation were 22.9, 22.0,19.9, 19.0, 17.2, and 
1G.5 hours. It is evident that the birds vith small clutches, long inter¬ 
vals, and low intensity, also have the longer delays in ovulation. 
Thus, the poor production of low-intensity birds is due not only to 
the longer period of egg formation but also to a longer delay in ovula¬ 
tion between clutches where such delays occur. From autopsies it 
was frequently noted that very low-rate birds showed evidence of ova 
having been released in the abdominal cavity. In such birds the rate 
of laying is probably not an accurate measure of rate of ovulation. 

SUMMARY 

It was shown that much of the difference in the absolute length of 
interval between eggs, \vhieh is the major factor in controlling rate of 
laying, is due to variations in time that the egg remains in the uterus. 
The time spent in the magnum (albumen-secreting section) plus the 
time betw’^een the previous laying and oviffation were only slightly 
variable and could^ account for only a small part of the absolute 
variation found in interval length. These conclusions were arrived 
at from data secured by tracing the forming egg ’while in the oviduct 
of living birds. 

In low-intensity birds there was also a lengthening of the delay in 
ovulation which occurs in the case of the first egg of a clutch. Thus, 
low intenrity of production is due to both a longer period for passage 
of the 'Cgg through the oviduct and to a longer pause between clutches. 


U. S. GOVERHMENT PRlUTiNS OFFICE slSSS 



VoL. 51 


Washington, D. C., Oct. 1, 1935 No. 7 


A CYTOLOGICAL STUDY OP THE RESISTANCE OP APPLE 
VARIETIES TO GYMNOSPORANGIUM JUNIPERI-VIR- 
GINIANAE ^ 

By Charles J. Nusbaum - 

Research assistant in plant pathology, Wisconsin Agricultural Experiment Station 

INTRODUCTION 

A cytological study of the succession of pathologic events foUovung 
the infection of susceptible and resistant host plants by the rust fungi 
affords a means of comparing the parasitic behavior of these organ¬ 
isms and contributing to the understanding of the mechanism of the 
resistance against their attack. 

Since Biffen (11)^ showed that the resistance of wheat to leaf rust, 
caused by Puccinia triticina, was a heritable character independent of 
the genetical factors responsible for anatomical features and Ward 
S6) stressed the concept of physiological resistance, many 
cytological studies have been made upon the rust diseases. The value 
of this avenue of approach is illustrated by the work upon the cereal 
rusts by Ward (5^), Stalmian (SS), Allen (f, 2, 4, 5,^ 6), Ruttle and 

Fraser {S2), and others, wiio have presented a critical analysis of 
problems pertaining to the nature of rust resistance. The earlier 
work is reviewed by Allen (7), Rice ), and Zimmermann {39) and 
need not be discussed here. 

In accord with the behavior of rust fungi in general, the apple rust 
fungus, Gymnosporangium juniperi-virginianae Schw., shows a wide 
range in pathogenicity upon the fohage of the different varieties of 
its aecial host, the apple, Pyrus malus L. The degree of severity of 
the disease does not afford a rigid classification because many grad¬ 
ations exist between extreme susceptibility and apparent immunity. 
On susceptible varieties, the development of the fungus culminates 
in the production of the aecial stage. On the other hand, there are 
varieties upon which no macroscopic signs of infection appear. Be¬ 
tween these two extremes he those resistant varieties upon which the 
fungus becomes estabhshed but does not develop very far beyond the 
incipient stages. In come cases, various types of flecking are pro¬ 
duced, while in others the lesions may be well defined, and minute or 
aberrant pycnia may appear. 

Previous studies of the nature of rust resistance in apple varieties 
have been confined to secondary considerations supplementary to 
the broader epidemiological and pathological aspects of the disease. 
From field observations of the occurrence and severity of infection 
upon different varieties, Reed and CrabiU {30) believed resistance to 

1 Received for publication Apr. 23,1935, issued December, 1935. 
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be of two types: (1) Tbe prevention of infection, due to the mechani¬ 
cal, physical, or chemical nature of the epidermis, and (2) the in¬ 
compatibility of the host and parasite after infection had occuiTed, 
resulting in the production of an aberrant lesion. They described 
briefly the pathological histology of apple rust infections in a suscep¬ 
tible host and made microscopic examinations of infections in the leaves 
of xlrkansas, a resistant variety upon which abnormal lesions occurred. 
However, the sequence of events in the development of these infec¬ 
tions and the cytological details involved were not reported. 

Leaves of susceptible varieties become resistant with age. ^ Giddings 
and Berg (20) and Keed and Crabill (30) attached much significance 
to this phenomenon as a factor in the regulation of the severity of the 
disease. They discussed the nature of resistance in mature leaves 
but did not give factual evidence to explain it. ^^liller (27) observed 
tiie occurrence of normal infections upon mature leaves of susceptible 
varieties that had been wounded mechanically prior to inoculation. 
This led to the interpretation that the resistance shown by mature 
leaves had a moiphological basis. 

The sporidial germ tubes of G.junipe/i^virginlariae commonly infect 
apple leaves through the ventral epidermis. Reports of dorsal-surface 
infections are at variance. Coons (14) implied that infection of the 
lower epidermis occurred but stated, however, that upper-surface 
inoculations were more successful. The experiments of Giddings and 
Berg (20) showed that no infection followed inoculation of the lower 
epidermis. On the other hand, Weimer (38) reported that infection 
could take place upon either surface. Dorsal surface infection, how¬ 
ever, had no effect upon the normal orientation of the pycnia and aecia. 
In tlie literature dealing with apple rust, further information with a 
bearing upon the nature of resistance .has not been found. 

From the above accounts, it is apparent that little is known con¬ 
cerning the parasitic behavior of the apple rust fungus or the nature 
of apple rust resistance. In view of these problems, a detailed cyto¬ 
logical study of rust infections upon four apple varieties, each differing 
in its reaction to the fungus, was undertaken. The results of these 
studies are presented in this paper. 

MATERIALS AND METHODS 

Four varieties of apples were used in these studies as follows: 
Wealthy, susceptible; Yellow Transparent, moderately resistant; 
Fameuse, resistant; and Baldwin, very resistant. Two-year-old mis¬ 
ery trees were placed in galvanized-iron containei's in about 10 kg of 
soil adjusted and held at 70 percent of the maximum water-holchng 
capacity. After being rootecl in a cool basement, they were placed 
on the greenhouse bench. One shoot was allowed to develop on each 
tree. When the shoots were about IS inches long and showed 14 
to 20 leaves, they were inoculated. 

Rust material for inoculation was collected near Madison, Whs. 
Brandies of red cedar (Juniperm cirginiana L.) bearing abundant 
rust galls with extended telial sori were brought into the laboratory 
and the cut ends of' these twigs were kept in water until the material 
was used. 

Seweral inethods of inoculation w^ere tried with varying results. 
/The following method proved most useful and was employed tlirough- 



Uct. 1, 1935 


Study of Resistance of Apple Varieties to Rust Fungi 57t5 


out: The rust galls were moistened in a spray of water for 4 hours, 
after winch the telial sori were well gelatinized. A few hours later, 
when sporiclial discharge was taking pjace rapidly, the galls were 
suspended in a gkss lamp chimney wloich was held above the leaves 
to be inoculated in such a way that the sporidia would fall upon the 
upper surfaces of the leaves. One lot of leaves of the Wealthy variety 
was inoculated on the lower surface. Each shoot was exposed for a 
lo-minute period. The inoculated trees then were placed in a moist 
chamber, described by Keitt and Jones {21), at 14^^ C. for 36 hours, 
after which they were returned to the greenhouse bench. 

Question may arise regarding the purity of the rust culture used. 
Recently, Bliss {12) reported tlie existence of physiologic forms in G. 
jimiperFidrginiariae collected from widely separated localities. The 
writer believes, however, that only one phj^siologic form was used in 
these studies because the material was collected from cedar trees in 
an isolated group^ and inoculation experiments upon many apple 
varieties with similar cultures during the past 3 years have shown 
uniform pathogenicity. 

After inoculation, collections were made at daily intervals for the 
first week and at longer intervals thereafter for the next 2 weeks. 
One earlier collection was made after a 14-hour period. At the time 
of inoculation, a bit of string was tied about the petiole of the young¬ 
est leaf in order to facilitate identification of the inoculated leaves 
after further growth had occurred. Material always was taken from 
the fourth or fifth leaf below the ‘^stringed’"’ leaf to insure uniformity. 
One lot of Wealthy leaves, which had attained approximately full 
size, and another group about 3 weeks older were collected in an 
attempt to gain evidence pertaining to the relationship of maturity 
to resistance. Fixations were made in formal-chroni-acetic mixture, 
in Flemming’s medium and weak mixtures, and in the formal-acetie- 
alcohol fixative. Flemming’s weak fluid was the most useful for young 
material, whereas the formal-chrom-acetic mixture was best for the 
later stages. The butyl alcohol method of Zii'kle {40) was used for 
dehydration and embedding in paraffin. Sections were cut 5/x and 
O/Li thick. A modification of Flemming’s triple stain, consisting of 
safranin, gentian-violet, and fast green, gave satisfactory results. 

A modification of the cleared-leaf method of Peace (29) was well 
adapted to a superficial study of sporidial germination and the early 
stages of penetration because it afforded a means of obserAung the 
germinating sporidia in toto upon relatively large areas of leaf sur¬ 
face. Bits of leaf were collected at 7, 14, and 24 hours after inocula¬ 
tion, fixed in acetic-alcohol mixture, cleared in chloral hydrate, and 
stained vdth acid fuchsin in lactophenol. 

MACKOSCOPIC OBSERVATIONS ON LIVING LEAVES 

On the immature leaves of Wealthy, inoculated upon the ventral 
surface, pale yellow” spots 1 mni in diameter appeai‘ed on the seventh 
day. The lesions increased in size to about 2 mm during the next 2 
days and became orange in color. Pycnia appeared on the thir¬ 
teenth day and pycnial exudation occurred on the fifteenth day. 
The heaviest infection appeared on the fourth, fifth, and sixth leaves 
below” the stringed leaf. At the time of inoculation, these leaves w”ere 
rapidly expanding and had not reached full size. No infection w^as 
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found below tlie tenth leaf, indicating that the older, matured leaves 
had become resistant. Wealthy leaves, inoculated upon the dorsal 
surface only, showed an occasional spot appearing on the twelfth to 
the fouideenth day. These lesions developed in the usual manner. 
The prolonged incubation period suggests that the parasite may have 
had some difficulty in becoming established. 

On the leaves of Yellow Transparent infection appeared on the 
ninth day as indistinct pale yellow spots about one-quarter milli¬ 
meter in diameter. A few days later the infected leaves showed a 
pale yellow mottling vith few well-defined lesions. On the eighteenth 
day an occasional pycnium could be seen in the regions where the 
lesions were more clearly outlined. These pycnia were minute and 
failed to rupture the epidermis or exude. 

On the leaves of Fameuse, the first signs of infection appeared on 
the twelfth day as tiny flecks which wnre barely \dsible. No further 
development was cAudent. 

On the leaves of Baldwin, no macroscopic signs of infection showed 
throughout the 3-wTek period the trees were under observation. 
These external appearances indicated complete resistance. 

EARLY STAGES OF INFECTION 

CLEARED-LEAF STUDY 

The phenomena of sporidial germination and of the early stages of 
penetration, as observed on cleared leaves, appeared to be similar on 
all varieties. Counts made on germination of sporidia, forrnation of 
appressoria and the appearance of infection h}q)hae shownd insignifi¬ 
cant differences (taole 1). 

It is not probable that these data are vitiated to any appreciable 
extent by the removal of some of the sporidia by the reagents used in 
clearing and staining the leaves. Pre^uous experience of the wniter 
indicates that, when the sporidia become lodged upon the leaf surface, 
they cling tenaciously. 

After the 7-lioiir period, nearly all of the sporidia had germinated. 
The germ tubes in no case exceeded in length the diameter of the 
sporidiiim. There wms no indication that the tips of the germ tubes 
were attached to the leaf surface. 


Table 1 .—Data on germination of 100 sporidia, formation of appressoria, and 
development of infection hyphae on four apple varieties 
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After the 14-hoiir period, the process was distinctly further ad¬ 
vanced. Most of the germ tubes had formed appressoria, the term 
^^appressorium^’ being used in a broad sense throughout to describe 
the swelling of the tip of the sporidial germ tube adherent to the leaf 
surface. The germ tubes were seldom longer than the diameter of 
the sporidiuni and, in many cases, they were so short that the appres¬ 
soria appeared to be attached directly to the sporidia. The appres¬ 
soria were not well defined. They appeared only as swellings of the 
germ-tube tips. A few of these appressoria showed a minute porelike 



Figure L—Camera-lucida sketches of sporidial germination and host penetration from cleared leaves 
examined in toto: A, ventral surface of young Wealthy leaf, pore of infection hypha (a), sporidium (6), 
germ tube (c), appressorium (d). primary hypha in epidermal cell (c); B, ventral surface of old Wealthy 
leaf; C, dorsal surface of old Wealthy leaf; D, dorsal surface of young Wealthy leaf. Approximately 
X 775. 

structure, about Ijn to 2/t in diameter, in the wall in contact with 
the leaf. This phenomenon suggested the development of an infec¬ 
tion hypha. There was, however, no apparent change of the under¬ 
lying host tissues to indicate that the fungus had entered. 

After the 24-hour period, all of the germ tubes were firmly attached 
to the leaf surface and characteristic pores were clearly visible in all of 
the appressoria. In some cases the appearance of a large primary 
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This study was not carried further because a technic was not found 
which would satisfactorily stain the fungus within the leaf. 

PHENOMENON OF PENETRATION 

The fungus entered the immature leaves of all four varieties and in 
all cases the process was essentially the same. The germ tubes 
emerged from the sides of the sporidia and curved obtusely, sometimes 
almost at right angles, down to the leaf surface, where the germ-tube 
tips swelled slightly into small appressoria wliich were firmly attached 
to the cuticle (fig. 2, G), Waterhouse (37), working with Puccinia 

graminis on the barberry, reported that germ tubes were not always 
formed. In case they were not, a short beaklike infection hypha was 
put out from one end of the sporidium itself and dented the cuticle. 
Allen (7), also working with P. graminis, observed that the sporidia 
directly produced a beak wliich pierced the cuticle and outer epidermal 
wall. After 14 hours, the lower wall of the appressorium of the apple 
rust fungus showed a short protrusion partly penetrating the cuticle 
(fig. 2, ^4). At that time, the sporidium was nearly evacuated and 
the germ tube was filled with dense protoplasm. Nuclei could not be 
seen. 

The earliest stage of penetration is shown in a 24-hour infection 
in figure 2, B. The minute pore is showm at c and from it the infec¬ 
tion hypha (d) can be follow^ed part w^ay through the upper w^all of 
the epidermal ceU to the young primary hypha (e) in the cavity of 
the cell. The host nucleus remains l^ing in the bottom of the cell 
at y. In no case could the infection hypha be traced all the w^ay 
through the cuticle and the cell w^all, there being a short space aboxit 
half-way thi’ough the barrier, where it could not be seen. This 
suggests that it was ultramicroscopic or w^as not sufficiently stained 
in that portion to be Ausible. The facts that there w'as no apparent 
alteration of the^ cuticle or epidermal ceU wmll at the point of entry 
and that the cuticle was often indented indicate mechanical pressure 
as the principal factor involved in penetration. This is in agreement 
with Waterhouse (37). Weimer (3S) described and figuied one case 
where a sporidial germ tube of G. juniperi-virginianae penetrated 


EXPLANATORY LEGEND FOR FIGURE 2 

A .—Early stage of penetration on W ealthy, 14 hours after inoculation. T he beak (a) of the appressorium 
(6) is indenting the cuticle (c) but has not penetrated the epidermal cell wall id). X 1,070. 

B. —Penetration on Wealthy, 24 hours after inoculation. Empty sporidum (a), germ tube (6), penetra¬ 
tion pore (c), infection hypha (d), young primary hypha (e), and nucleus of epidermal cell (/). X 1,070. 

C. —Early stage of infection on "Wealthy, 24 hours after inoculation. The primary hypha (c) contains 
one nucleus (d) and remains attached to the infection hypha (a) by a slender neck (b). X 1,070. 

I). —One-day-old infection on Wealthy. Arrow indicates point of entry. Primary hypha (ra) is slightly 
evacuated and contains one nucleus (b); secondary branch has penetrated palisade cell at c and contains 
one nucleus (d). X 1,070. 

£.—One-day-old infection on "Wealthy. Young secondary branch (a) has penetrated palisade cell and 
one of the nuclei (b) is ready to pass into it. X 1,070. 

F. —One-day-old infection on Wealthy. The primary hypha (a) is binucleate; epidermal cell nucleus 
in attendance at b. X 1,070. 

G. —One-day-old infection on AVealthy. The primary hypha (6) sent a branch (d) into an adjoining 
epidermal cell at c; another branch appears as a beak (a) and a nucleus Ls ready to pass into it. X 1,070. 

H. —Two-day-old infection on Yellow Transparent. An arrow indicates the point of penetration. The 
nucleus (c) of the primary hypha is dead; a secondary branch entered the palisade intereellularly at a; the 
epidermal cell nucleus (6) is degenerating. X 700. 

I. —Two-day-old infection on Wealthy. An arrow indicates the point of penetration- The i)rimary 
hypha (c) sent a branch (e) into an adjoining epidermal cell and another branch (b) into a palisade cell at d; 
mycelium becoming intercellular at a. X 700. 

J. ~Two-day-old infection on Fameuse. Primary hypha (6) has collapsed; host cell nucleus (c) is degen - 
erating; intercellular branch (a) is developing feebly. X 700. 

it'—Two-daj"-old infection on Baldwin. An arrow indicates the point of penetration. Primary hypha 
(d) and intracellular secondary branch (e) are dead; host nuclei (a and c) are degenerating; host nucleus 
(b) is slightly enlarged. X 700. 
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tlie epidermis of a Wealthy apple leaf and passed about two4hirds 
of the distance through the epidermal cell 7 hours after inoculation. 
This must have been an unusual case. Examination of several 
hundred germinating sporidia by cleared leaf and cytological methods 
failed to show that any had penetrated the epidermis completely 
after 14 hours. 

Other 24“hour infections showed stages considerably advanced 
over the one described above. The instance in figure 2, C, shows that 
the primary hypha (c) has enlarged into a tui'gid, saccate body which 
remained joined to the infection hypha (a) by a slender neck (6). 
The hypha contains one nucleus (d) and is filled vdth dense cytoplasm. 
The nucleus is probably the one originally contained in the sporidium 
and has not yet divided. Allen (9) reported that in Puccinia coronata 
the sporidial nucleus divided before penetration and that the primary 
hypha, therefore, contained two nuclei. Two nuclei were also found in 
the primary hypha of P. gramyninis (7) but whether or not division 
took place before entry was not investigated. 

In these preparations of the younger stages of infection and of the 
older ones as well, the fixations obtained did not afford a clear inter¬ 
pretation of the relationship between the membranes of the host cell 
and the fungus. It was impossible to determine whether the host- 
cell cytoplasm was invaginated by the primary hypha or haustoria 
or actually penetrated by them. The views of other workers on this 
point are reviewed by Rice (31),^ 

During the process of penetration and the expansion of the primary 
hypha of the apple rust fungus, there was no apparent change in the 
staining reaction of the parasitized epidermal cell. Fmlher develop¬ 
ment, however, depended upon the degree of resistance of the host. 
Consequently, the reactions in each variety are reported separately. 

DEVELOPMENT OP INFECTION ON THE FOUK VARIETIES 

WEALTHY 

The establishment of the fungus in the leaf tissues of Wealthy 
presented a picture of almost complete compatibility between the 
two organisms. This condition existed imtil pycnial formation 
when^ distinct changes accompanied the fruiting activities of the 
parasite. 

The behavior of the young primary hyphae in the epidermal cells 
was simple and afforded trustworthy interpretation. Soon after 
the primary hypha attained full size, the nucleus divided (fig. 2, i^). 
These nuclei w'ere similar in appearance to the parent nucleus. No 
septa appeared in the primary hypha and the structure remained 
simple throughout its existence. In Pucinnia graminis (7), P. coro¬ 
nata (9), and P. triiicina (S) a more complicated process, similar in 
all cases, was reported by Alen. Nuclear and cell division occurred 
pntil from 3 to 6 cells were produced. The primary hypha increased 
in length and branches of secondary hyphae arose from each cell. 
Ixi^Mdampsora /mi (10), the primary hypha consisted of several 
uninucleate cells, irregularly branched. Palisade penetration occurred 
at many points. 

The number of secondary hyphal branches of the apple rust fungus 
seemed to be dependent upon the behavior of the first one formed. 
In figure 2, G, a branch (d) has penetrated into an adjoining epidermal 



Oct. 1,1935 


Study of Resistance of Apple Varieties to Rust Fungi 581 


cell at c, and contains one of the daughter nuclei of the first division. 
Another nuclear di^dsion has occurred, in the primary hypha and one 
of the nuclei is ready to pass into a new branch which appears as a 
beak at a. 

The forniation of only one secondary branch, penetrating the 
palisade tissues directly, was the most common occurrence. In 
Bgure 2, D, a branch {d) has entered the palisade cell beneath and a 
nucleus has entered, leaving one {h) in the primary hypha. The 
primary hypha has the appearance of being evacuated*^ and the branch 
is filled vdth dense protoplasm. In E, the branch appears as a peg¬ 
like outgrowth (a) which is penetrating into the miderlying palisade 
cell and a nucleus (6) is ready to pass into it. 

Palisade penetration occtuTed without any apparent retardation 
of apical growth. There was no constriction of the hypha at the 
point of cell“Wall penetration and no visible alteration of either the 
cellulose or middle lamellar portions of the walls. Leach {23) working 
with Colletotrichum lindemuthianum, observed that the primary 
hypha bent, and that the advancing tip swelled, due to the retarda¬ 
tion of apical growth during cell-wall penetration. He also stated 
that the hole made through the cell wall was very small and that the 
mycelium was constricted at that point. Allen reported that the 
opening in a cell wall through which a branch of the secondary hypha 
of Puccinia graminis (7) passed was too small to be seen, but that 
in P. triticina {8) it was large. 

Similar to Puccinia graminis (7), the early development of the 
secondary hyphae of Gymnosporangium funiperi-virgmianae depended 
upon whether or not they entered palisade cells or intercellular 
spaces. If they were intercellular, the hyphae immediately expanded 
into characteristic strands of mycehum. If they were intracellular, 
they assumed the appearance of large haustoria, each connected to 
the point of entry by a slender neck. 

A 2-day-old infection is shown in figure 2, I. An arrow points to 
the place of entry. The primary hypha (c), wliich was partly lost 
in sectioning, is slightly evacuated. One branch (e) (the connection 
was lost in sectioning) has penetrated the adjoining epidermal cell. 
This secondary hypha contains one large nucleus and is forming two 
new branches at the distal end. Pahsade penetration occurred 
intracellularly at d. The penetrating hypha (6), is somewhat swollen, 
is unbranched, and consists of only one cell. It has passed entirely 
through the cell and emerged into an intercellular space at a. From 
here on, the mycehum is regularly intercellular with the formation 
of characteristic uninucleate haustoria. 

While stiU in the palisade region, the hyphae exliibited difficulty 
in passing through the compact tissues. The hyphal tips, viewed 
longitudinally, appeared as wedges prying the ceU walls apart. The 
fact that there was no splitting apart of the walls in advance of the 
hyphal tips precluded the view that the fungus might have some 
solvent action upon the middle lamella. It seemed that considerable 
pressure would have to be exerted to force a passage mechanically, 
but that is probably what actually occurred. Allen {9) made similar 
observations upon Puccinia coronata where the early development of 
the fungus regularly takes place in the compact subepidermal region. 
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The haustoria entered the cells from the intercellular hyphae with¬ 
out the formation of attachment organs. The only stimulus neces- 



Figube 3.—For explanatory legend see opposite page. 


sarj for liaustoiium formation seemed to be close contact of the tip 
or side waH of a hypha with the host-cell wall. A nucleus was usually 
found in the hypha near the point of haustoriiim formation and the 
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haiistoria were regularly uninucleate. It seems reasonable to assiiine, 
therefore, that a nuclear division took place in the hypiia and tha t 
one of the daughter nuclei passed into the haiistoriixni, although the 
process was not observed. The pore of entry was about 2ji to 3^ in 
diameter and could be seen clearly. There was no apparent change 
in the cell wall at that point. The main body of the haustoriuni was 
connected to the intercellular hypha by a slender neck. In all of 
the younger infections the haustoria were one-celled and uninucleate, 
without any branching. The haustoria generally were filled more 
densely with protoplasm than the intercellular Iwphae and took ii]} 
the violet of the triple stain heavily. 

Growth of the mycelium was accelerated greatly after the second 
day. A median section of a 4-day-old lesion is shown in figure 3, G. 
An arrow indicates the point of entry, and the prhnary hypha, turgid 
in appearance and containing one nucleus, is shown at b. Intercel¬ 
lular penetration of the palisade occurred and the secondaiy hypha 
immediately branched and ramified the local palisade region to a 
limited extent. Simple, uninucleate haustoria occupy most of the 
palisade cells in the region of penetration and slight depletion is 
evident in the reduction in the number of plastids. Two cells at a 
show disorganization of their protoplasts. The host nuclei in the 
parasitized cells were usually in contact with the haustoria but only 
because of the vigorous expansion of the haustoria. There was no 
apparent movement of the nuclei in response to the presence of the 
fungus. Haustoria were not seen which encircled the nucleus or 
changed its shape due to contact or the application of pressure against 
it. In fact, all of the host nuclei retained their normal structure and 
staining reaction. 

After gaining access to the large intercellular spaces of the spongy 
parenchyma region, the fungus spread rapidly. Long liyphae appear 
as runners (fig. 3, 6^, c, d) which have already spread a distance of 
about 200ja from the point of entry. These runners are sparsely 
branched, contain dense protoplasms, and have widely separated 
septa. The cells are uninucleate. Occasional parenchyma and 
lower epidermal cells along their path contain characteristic haustoria 
which, no doubt, help to supply food for this rapid growth. 

Spread of the mycelium was much less rapid in the palisade than 
in the spongy parenchyma. Haustoria, however, were more numerous 


EXPLANATORY LEGEND FOR FIGURE 3 

-1.-Eight-day-old infection on Fameuse. An arrow points to the remains of the appressoriuni. Epi¬ 
dermal cell (a) contains disintegrated primary hypha and collapsed host-cell contents; intercellular hypha 
(6) is vacuolate; degenerating host-cell protoplast invaginated by dead haustorium (<?); haustorium at d 
empty and one at c kiUed back from tip. X 650. 

R.—Seven-day-old infection on Yellow Transparent. Dead haustoria (d and e) occupying living cells, 
normal haustorium (c), empty haustorium (a), evacuated hypha (6). X 650. 

U,—Four-day-old infection on Baldwin. An arrow indicates the point of penetration. The epidermal 
cell of entry has collapsed and contains the remains of the dead primary hypha. Haustorium (c) in a 
living cell died before it fully expanded; palisade cells (6) are dead; host ceil (c) disintegrating. X 440. 

Z).—Fycnial initiation on Wealthy, 9 days after inoculation. Mass of hyphae (b) in subepidermal region; 
haustoria (a and c) and intercellular hyphae (d and e) becoming evacuated; host cells impoverished. X650. 

FJ.—Four-day-old infection on Yellow Transparent. An arrow indicates the point of penetration. 
Primary hypha (a) partly collapsed; haustorium (6) and hypha (d) are dead; hypha at c degenerating; 
normal haustorium in lower epidermal cell at e, X 440. 

F.—Four-day-old infection on Fameuse. An arrow indicates the point of penetration. Primary hypha 
(b) dead; intercellular branch (a and e) degenerating; host cell (c) contains the remains of a dead haustorium 
and of its own collapsed protoplast; dead haustorium (/) in a Ihing cell; advancing hyphae (d and g) densely 
filled with protoplasm. X 440. 

(r.—Four-day-old infection on Wealthy. An arrow indicates the point of penetration. Primary hypha 
(b) uninucleate and turgid; vacuolate haustoria (ff) occupy cells with broken down protoplasts; stolonlike 
branches in spongy parenchyma region at c and d. X 440. 
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and^in a few cases appeared in tlic upper epidermai cells. Tliis is 
not in agreement with Reed and Crabill (30) who reported that they 
did not find haiistoria in the epidermal cells of apple rust infections. 

From the fourth to the tenth day, there was very little change in 
host-parasite relations. The lesions continued to spread in all 
directions, especially in the spongy parenchyma region. In the older 
pa;rts of a 9-day-old infection (pL 1, JL) nearly every host cell con¬ 
tained an haustorium. Depletion of the cytoplasm of these cells 
was still slight, although many of the plastids had disappeared. 
The margin of the lesion appeared similar to the margin of the 4-day- 
old lesion. Near the center of the infection (fig. 3, Z>), hyphae had 
begun to accumulate in the subepidermal region preparatory to 
pycnial formation. These hyphae were filled with dense cytoplasm 

(b) whereas the haiistoria (a and c) and other vegetative hyphae 
(d and e) appeared to be nearly empty. 

After the pycnia had ruptured the epidermis, the activity of the 
host and of the parasite showed decidedly different trends. A 
photomicrograph of a lo-day-old infection (pi. 1, C) shows the general 
character and location of the reactions. 

In the spongy parenchyma region below the pycnia, hypertrophy 
of the cells caused the obliteration of the large intercellular spaces 
and the collapse of a large portion of the lower epidermis. A rep¬ 
resentative cell from this region is showm in figure 4, K. It is approx¬ 
imately four times normal size and contains a uninucleate, branched 
haustorium at a, which is almost empty. The host nucleus (b) is 
approximately tvfice the normal size and is stained very faintly, giv¬ 
ing the impression that the reticulum was loosening. The lumen of 
the cell otherwise appears empty except for a tliin strand of cytoplasm 

(c) . The intercellular hyphae appeared to be empty except for their 
nuclei. 


EXPLANATOEY LEGEND FOR FIGURE 4 

A. —Penetration failure upon old Wealthy leaf, 3 days after inoculation. Cuticle indented and appres# 
sorium partly raised caused by the pressure of the infection hypha which has failed to penetrate. X 859- 

B. —Penetration failure upon old Wealthy leaf, 3 days after inoculation. Infection hypha has i^ne- 
trated the cuticle but failed to puncture the epidermal cell wall. X 850. 

O.—Penetration failure upon old Wealthy leaf, 3 days after Inoculation. Infection hypha penetrated 
the cuticle and flattened out against the epidermal ceil wall; the appressorium is slightly raised. X 850. 

B.—Dorsal surface of young Wealthy leaf, 5 days after inoculation. Arrows indicate the point of pene¬ 
tration in two separate infections. Primary hyphae (a and d) are dead and their secondary branches 
(6 and c), after having emerged into large intercellular spaces, have also succumbed. X 850. 

E. —Tissues from the marginal region of a 15-day-old infection on W^'ealthy. Normal haustoria (5, c, 
and d) occupying living cells; vacuolate hypha (a). X 700. 

F. —Margin of pycnium in a 15-day-old infection on Wealthy, Dead epidermal cell (n): evacuated 
haustoria (b and c) occupying broken-down epidermal cells: bases of pyenosporophores (d and e) densely’ 
filled wdth protoplasm; intercellular hyphae (g) nearly empty; haustorium with dead tip (/) lying in a 
degenerated host-cell protoplast.. X 700. 

G. —Portion of an IS-day-old lesion in a Wealthy leaf of mature age at the time of inoculation. Haustoria 
(aandc) partly empty and dead; hyphae (dande) vacuolate but still alive; hypha (b) degenerating. 
X 1,070. 

H. “Tissue from the center of a 15-day-old infeciion on Yellow Transparent. Vacuolate hypha («), 
normal hypha and haustorium (b and c), empty haustorium (c), injured haustorium occupying degen¬ 
erating host cell protoplast at d. X 700. 

Pycnial initiation in 15-day-old infection on Yellow Transparent. Collap^d epidermal cell (a), 
empty haustorium in dead host cell (/), vacuolate hyphae fc, d, and e), pycnial initials (b). X 7(K). 

J"-—Margin of 15-day-old infection on Fameuse. Dead haustoria occupying disintegrated host ©ells 
(a, 6, d, andf), with invagination of cytoplasm at a; dead hypha (e); collaps^ host cell (c). X 7CW. 

JUT.—Portion of spongy parenchyma tissue beneath a pyncium from a 15-day-old infection on Wealthy. 
A uninucleate haustorium (a), thin film of host-cell cytoplasm (c), hypertrophied host nucleus (5). X 700. 

L. —A portion of palisade tissue beneath a pycnium in a 15-day-old infection on Wealthy, Dead hausto¬ 

rium (a), haustoria (c, /, and h) showing partial collapse at the tips, host nucleus (e) disintegrating, inter¬ 
cellular hyphae (6 and g) evacuated. X 700. , ^ 

M. “Tissue from marginal zone of a 15-day-old infection on Yellow Transparent. Vacuolate hypha 
(d), normal haustoria (o, ft, and c) occupying living cells, degenerating host cell (e). X 700. 
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The palisade cells in the vicinity of the pycnia were crushed and 
their protoplasts were being broken down. A portion of palisade 
tissue beneath a mature pycnium is shown in figure 4, L. The host 
cells are slightly hypertrophied and are disorganized. Their con¬ 
tents appear mostly as aggregates of small globules wliich were not 
positive to ^nj of the stains used. This indicates coagulation of the 
protoplasm. A host nucleus in the process of disintegration is shown 
at e. Haiistoria are also in progressive stages of collapse. The one 
at a is dead. Those at c, f, and h have been killed back from the 
tip and their basal portions, aside from the presence of large nuclei, 
are empty. The intercellular spaces are nearly filled vfith empty 
hyphae (b). 

The upper epidermal cells also show degeneration due to the now 
aggressive attack of the fungus. In figure 4, F, a group of these 
cells bordering a pycnium show prominent haiistoria at b and c partly 
surrounded by disintegrated host-cell protoplast. Tlie only epider¬ 
mal cells to collapse completely, however, are those near the ostioles 
of the pycnia (a). The pycnosporophores (d and e) are densely filled 
with protoplasm and the bordering hyphae are nearly empty. 

In the outer zone of infection, congeniality between the host and 
parasite continued to exist although marginal extension of the myce¬ 
lium had practically ceased. The runners, typical of younger infec¬ 
tions, were absent. A group of cells near the margin of a 15-day-oId 
lesion are shown in figure 4, E. Haiistoria at b, c, and d are iminu- 
(leate and (‘oritain dense cytoplasm, A vacuolate, intercellular 
hypha is shown at a. The host cells are little affected. Distinct 
plastids still remain. 

YELLOW TRANSPARENT 

Yellow Transparent was intermediate in its reaction to rust infec¬ 
tion. The fungus became established and was able to maintain con¬ 
genial relations with the host long enough to continue its gradual 
spread. Fiiialh^, development ceased altogether and the whole lesion 
collapsed before pycnia matured. 

A 2-day-old infection is shown in figure 2, H. An arrow points to 
the place of entry. The primary hypha is swmllen and contains one 
nucleus (c) wiiich is dead, and a mass of dead c3iop]asin at the proxi¬ 
mal end. Otherwise, it is almost empt\" and apparent^ has ceased 
activhv'. The host nucleus at b is degenerating. It seems prob¬ 
able that the primaiy lu^ha succumbed first owing to its inabilitx" to 
endure the unfavorable medium siuToimding it, and that the partial 
collapse of the host nucleus is a result of the diffusion of deleterious 
or toxic materials from the dead fungous protoplasm. Intercellular 
penetration of the palisade occurred at a and the secondary Iwpha has 
sent out two haiistoria, wiiicli have fully expanded. 

A 4-dajr-old infection (fig. 3, E) shows decided advancement. An 
arrow indicates the point of entry. The primary hypha (a) has 
partly collapsed and is empty. Palisade penetration occurred and the 
iiijeeliimi ramified the local palisade region sending typically^ normal 
haiistoria into many' of the cells. The relation here is congenial wfith 
very little depletion of the host cells. The mycelium has developed 
feebly in tlie spongy parenchyma. The long rimners, common in 
infections in Wealth}^ leaves, are absent and the w^hole lesion is not 
more than 100^ in diameter. A dead hypha is showm at d and one 
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in a partial state of collapse at c. An lianstorium (b) is dead but its 
host cell shoAvs no deleterious effects. Contact has been made 
with the lower epideiunis at e. None of the host cells showed any 
degeneration or drastic reaction to infection, even though some of 
the hyphae were dead and collapsed. 

Marginal spread of the fungus continued slowly until about the 
ninth day, when slight hypertrophy and degeneration of the host 
cells in the center of the lesion began. Rapid break-doTO of nearly all 
of the parasitized host-cell protoplasts followed. Only a narrow zone 
at the margin of the lesion showed a compatible relationship between 
the parasite and the host. A photomicrograph of a 15-day-old 
infection (pi. 1, B) shows that nearly all of the host-cell protoplasts in 
the upper-epidermis, lower-epidermis, and mesoplwll tissues are 
degenerating or have already disintegrated. 

The collapse of the host cells mentioned above followed closely upon 
the gradually increasing injury to the fungus. A section of a T-dat^- 
old infection (fig. 3, B) shows that the palisade cells near the center of 
the lesion are still apparently unharmed except for a depletion of 
cytoplasmic substances and plastids. The host-cell nuclei still 
retain their normal structure and staining reaction. On the other 
hand, haustoria at d and e are dead. Their contents are coarsely 
granular and heavily stained vuth safranin. The haustorium at c 
has retained its normal health}^ appearance. 

The details of the disorganization which followed are represented in 
three illustrations taken from different regions of 15-day-old infec¬ 
tions. The palisade and upper epidermal tissues in the central 
portion appear in figui-e 4, /. Large, densely filled hyphae (6) are 
accumulating in the subepidermal region preparatory to pycnial 
formation. The intercellular hyphae at c, d, and e are becoming 
evacuated, as well as the haustoria occupying collapsed palisade cells. 
N one of the host cells is now alive and it is of special interest to note 
that the hyphae lying adjacent to them appear to be unharmed. A 
group of cells from the spongy parenchyma region (fig. 4, H) show 
widespread disintegration of host cells. Haustoria (c and d) are nearly 
empty and are embedded in the broken-down host-cell protoplasts. 
The h^^pha at h and the haustorium at e, however, still retain a 
healthy appearance. Tissue from the marginal zone is shown in figure 
4, M. The haustoria (a, 5, and c) are fully expanded and the invaded 
cells appear to be only slightly affected. The adjoining cell (e), 
however, shows hypertrophy and degeneration. 

FAMEUSE 

The leaves of Fameuse were resistant to rust infection. The lesions 
were usually confined to small regions in the upper epidermis, palisade, 
and spongy parenchyma tissues. Very seldom did the hyphae reach 
the lower epidermis. The end result was death and collapse of the 
host cells attacked and of the parasite. 

A 2-day-old infection is shown in figiu*e 2, J. The primary hypha at 
h is partly collapsed and the contents are dead. The host nucleus 
ic) shows a change in staining reaction. The chromatin material w’as 
positive to safranin rather than to the gentian-violet. This reaction 
is in line with that which occurred in the ease of A^ellow Transparent, 
although in Fameuse the death of the primary hypha seemed to be 
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more rapid. Intercellular penetration occurred at a and the secondary 
liyplia has grown downward between two palisade cells but, as yet, 
has not produced a haustorium. The surrounding palisade and 
epidermal ceUs are unchanged. 

Further contact with the host cells probably occurred soon after the 
second day. A 4-day-old infection (fig. 3, F) shows advancement of 
the hyphae into the second layer of palisade and spongy parenchyma 
tissues. Haustoria have entered several of the cells. The inter¬ 
cellular branch {a and e) has collapsed and most of the stainable 
contents now appear in the advancing hyphal tips at d and g. The 
palisade cell at Cj probably the first in this region to be invaded, is 
dead. Other host cells are not seriously affected, although many of 
the haustoria are dead as shown at/. The primary hypha (6) is in a 
late stage of disintegration. 

After the eighth day, development of the fxmgus ceased and the host 
cells and the mycelium degenerated rapidly. Analysis of the data 
showed tliat, although the fungus made only feeble growth during 
its existence, the actual death of the haustoria preceded serious injury 
to the host cells. A photomicrograph of a 15-day-old infection 
(pi. 1, D) shows that death and collapse of the tissues is nearly 
complete. No living hyphae or haustoria could be found. A group 
of cells from an S-day-old infection (fig. 3, A) shows in detail the natoe 
of the disintegration. At the margin of a 15-day-old lesion (fig. 4, J) 
dead haustoria occupy the broken-down protoplasts of their host cells 
at a, 6, d, and/ vdth invagination of the dead cytoplasm at a. In most 
cases the haustoria still keep their identity. 

BALDWIN 

The leaves of Baldvdn were very resistant. The development of the 
fimgus was restricted to the epidermal ceU of entry and the adjacent 
palisade cells. Within 2 days after infection, the fungus died and 
shortly thereafter the adjoining host cells were violently affected. 

A 2-day-old infection is shown in figure 2, K, An arrow indicates 
the point of entry. The primary hypha at d is dead. Intracellular 
penetration occxured and the secondary hypha (e) is also dead. The 
host nuclei at a and c within the parasitized cells are dead, and their 
state of collapse indicates that death followed soon after the fungus 
had succumbed. The host nucleus at b in the adjoining epidermal cell 
has enlarged. 

A 4-day-old infection (fig. 3, C) shows the drastic effects upon the 
host cells in the lesion. The epidermal cell of entry has collapsed. It 
contains the dead remains of the primary hypha and of the dead 
host-cell protoplast. The intercellxilar secondary hypha is dead. A 
smaU haustorium at a died just as it entered a palisade cell. This 
cell is stiH alive and has just completed a dmsion. Two palisade 
ceils b are dead and a cell ate directly beneath these is disintegrating. 
All of the adjacent palisade cells contain faintly stained, vacuolated 
cytoplasm in contrast to the dense cell contents of the normal cells 
surrounding them. The plastids have disappeared and the nuclei 
have enlarged slightly. Here again the death of the fungus apparently 
preceded the colapse of the host ceUs and the reaction was more 
mrem than in the case of Yellow Transparent or Fameuse. 

A phO'toimcrograph of a 3-day old infection (pL 1, E) shows clearly 
the sharp differentiation between the dead fungus and the surrounding 
healthy host cells. The primary hypha and the intercellular hyphae 
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Plate 1 




Nine-day-old infection on Wealthy, showing haustoria in many of the host cells, X 300. B, Pifteen- 
day-old lesion on Yellow Transparent, showing general collapse of host tissues in infected area, X 300. 
C, Fifteen-day-old infection on Wealthy, showing 2 pycnia and host reactions in their vicinity, X 150. 
p. Fifteen-day-old infection on Fameuse, showing collapse of palisade and upper epidermal regions 
in the infection, X 150. E, Three-day-old lesion on Baldwin, showing the dead fungus in contrast 
to the surrounding healthy host tissues, X 150. 
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in the underlying palisade appear as homogenous black strands in 
the photograph, indicating their total collapse. The epidermal cell 
of entry is degenerating and a palisade cell directly beneath, which 
was parasitized, is dead. Adjoining palisade and upper epidermal 
cells appear to be unaffected. These host tissues are clearly neither 
hypersensitive nor hypersusceptible. Starvation of the fungus also 
seems^ to be out of the question because the hyphae did not appear 
to be impoverished or depleted at the time of then collapse. 

FURTHER OBSERVATIONS ON WEALTHY 

DORSAL-SURFACE INFECTION ON YOUNG LEAVES 

Successful infection of the lower surfaces of young Wealthy leaves 
was infrequent. Early stages in the development of such lesions 
were not encountered in the cytological preparations studied. About 
12 days after inoculation, however, a few scattered rust spots became 
visible. Cytological study of these infections showed the character 
of host-parasite relations to be typical for the normal development 
in Wealthy leaves. 

In all cases, penetration of the epidermal cells occurred freely and 
the primary hyphae expanded in the usual manner (fig. 4, D). The 
secondary branches (6 and c) penetrated the large intercellular spaces 
of the spongy parenchyma and, therefore, failed to establish contact 
with the mesophyll cells of the leaf. Cessation of growth and death 
quickly followed. The case here described was typical of aU of the 
younger infections, but the occupation of a single epidermal cell by 
more than one primary hypha wras uncommon. None of the sec¬ 
ondary hyphae were observed to emerge into adjoining epidermal cells. 

INFECTION ON LEAVES PASSING INTO MATURITY 

The types of reactions shown by Wealthy leaves which had just 
passed the period of expansion into full maturity are of special in¬ 
terest. Penetration occurred through the unwounded ventral epi¬ 
dermis and in 3 weeks the mycelium had spread approximately 225/i 
from the point of entry. Hypha ramified the mesophyll tissues to a 
considerable extent and nearly every host cell in the lesion wns in¬ 
vaded by a haustorium. The host cells harboring haustoria became 
vacuolate and their cytoplasmic substances disappeared almost 
completely. Pycnia were not initiated. The group of cells from an 
18-day-old infection (fig. 4, G) show almost complete cessation of 
fungal activity. Haustoria at a and c are functioning no longer and 
the hyphae at d and e, aside from their large nuclei, are nearly empty. 
The hypertrophy of host cells and collapse of their protoplasts common 
in older infections in younger leaves is not found here. 

INFECTIONS ON OLD LEAVES 

Penetration into the epidermal cells did not occur on the leaves of 
Wealthy which were approximately 3 weeks past the attainment of 
full size and maturity. This was true of both dorsal- and ventral- 
surface inoculations. The sporidia germinated in the usual manner 
with the production of short germ tubes, appressoria, and infection 
hyphae. An examination of several hundred cases showed that none 
of the infection hyphae was able to complete the penetration process. 
Many were found, however, w’^here these minute pegs clearly pene¬ 
trated the cuticle but failed to pass the epidermed cell walls. The 
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staining reactions in these preparations produced clear differentiation. 
The infection lij^pliae were dark violet in contrast to the transparent, 
light green of the cuticle and the dark, dull green of the epidermal 
cell walls. In figure 4, Jl, the infection hypha appears to be flattened 
against the cuticle. The application of pressure is quite apparent 
because the cuticle is slightly indented and the appressoriuni is raised 
and moved to one side. In B, the infection hypha has penetrated 
the cuticle and indented the epidermal cell wall. Another case O 
shows, in addition, the partial dislodgment of the appressoriuni. The 
type of resistance shown by these leaves seems to be of a piirel)" 
physical nature. 

DISCUSSION 

The apple rust fungus is an obligate parasite and goes through its 
cycle of development only upon a living, susceptible host. When 
an apple leaf is exposed to infection under favorable external condi¬ 
tions, the paramount factors requisite to a successful infection, 
therefore, seem to fall naturally into three classes, as follows: (1) 
The abUity of the sporidial germ tube to penetrate into the epi¬ 
dermal cell of the leaf, (2) the presence of a suitable substrate 
for the growth of the parasite in the cell protoplasts, and (3) the 
ability of the host cells to remain alive and function in a manner 
agreeable to the fungus. If this is true, any shortcomings in the 
production of a successful infection may be attributed to the absence 
of one or more of these requisites. 

It has been shown that the apple rust fungus was able to penetrate 
the leaves of resistant varieties. No evidence was obtained which 
indicated that the parasite was excluded, even from the leaves of 
Baldwin, where no macroscopic signs of infection were detected. 
Gibson (IS) observed that uredinial germ tubes entered the stomata 
of plants widely separated taxonomically, and concluded that pene¬ 
tration is not a reliable index of infecting capacity. This may have 
no application here, however, because the sporimal germ tubes of 
Gymnosporangium juniperi-iirginm^ penetrate directly. Melander 
and Craigie (k6) found, in some cases, a correlation between resistance 
of the epidermis to puncture and rust resistance in the leaves of 
Berherisy the alternate host of Puccinia graminis. They found no 
evidence that the sporidial germ tubes entered an immune host like 
B. thumbergiij and concluded that morphological characters may 
account for resistance in some species. Although the observations 
made upon apple rust lend no support to the existence of varietal 
resistance due to morphological features, it is not impossible that such 
eases may be found in other varieties. 

The_ immature leaves of Wealthy are susceptible to G. juniperi- 
rirginimiae. As long as the host cells remain alive they present a 
favorable medium for the development of the parasite. Dead haus- 
toria are never found associated with living cells of this variety. 

Varietal resistance appeal's to be due to some factor or factors in the 
hostrceU protoplasts injurious to the fungus. This antagonism is 
severe in Baldwin, slightly less pronounced in Fameuse, mild in Yellow 
Transparent, and^totally absent in Wealthy. The exact nature of the 
factor or factors involved still awaits solution and may be sought in 
an analysis of the chemical composition and physicochemical structure 
of^ the living host cells. 
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In lieu of an actual solution of the problem, various theories have 
been suggested. Many of these are based entirely upon microscopical 
evidence, but, recently, other methods of study have been employed. 
Ward (34) proposed that immunity was due to antagonistic reactions 
between host and parasite of the nature of the formation of toxins 
and antitoxins. ]Marryat (25), Gibson (18), Stakman (35), Allen (1), 
and others are generally in agreement with Ward. Leach (22) sug¬ 
gested a hypothesis based on a possible specific food requirement on 
the part of the fungus and the corresponding lack of this food sub¬ 
stance within the host. Edgecombe (15) performed serological 
studies of wheats, susceptible and resistant to Puccinia ruMgo-rera 
tritici. Purifi.ed globulin extracts of the grain were used as immuniz¬ 
ing agents and the resulting antisera were given the precipitin test 
using the original extracts as test antigens. The results showed a 
relationship between precipitin reaction and rust resistance. Since the 
globulins used were believed to have been a part of the cytoplasm, it 
was reasoned that the genetic factors responsible for resistance were in 
some wmy associated with the factoi's producing the specific globulins. 
Leemann (24) proposed the theory that the holistic quality of the 
cell may play an important role in active plant immunity. It was 
based upon the assumption that the protoplasm of an immune host 
may not contain any specific substance deleterious to the invading 
organism, but that the li^dng protoplasm as a whole, built up into a 
complex system, may present an unfavorable substrate. The phenol 
hypothesis of Newton and Anderson (28) suggests that rust resistance 
in wheat may be caused by the liberation of toxic phenohc compounds 
in the host cell upon the entrance of the fungus. This mechanism 
may explain different types of rust reactions when one considers the 
possible conditions following the action of fungal enzymes upon the 
phenolic compounds in the host-cell protoplasts. 

Whether the antogonism against the apple rust fungus is already 
present in the make-up of the host-cell protoplasts or is induced by 
the parasite and presents a counterreaction against the intruder is 
open to question. Cytological evidence cannot settle this point. 
However, the substance or substances antagonistic to the fungus seem 
to be specific because many cases were found where the haustorium 
occupying the host cell had died and the cell itself showed no visible 
change. The reverse situation was found only in the older infections 
upon Wealthy and Yellovr Transparent where the host apparently 
succumbed to the vigorous and prolonged attack by the parasite. 

, Kegarding the interaction of host and parasite, many workers have 
obserAmd peculiarities in the sequence of events. Ward (34), study¬ 
ing infections by Puccinia dispersa in resistant bromes, found that the 
germ tubes entered the stomata in a normal manner but either killed 
a few cells and then disintegrated or grew very slowly and failed to 
produce pustules. Mariyat (25), working with P. glumarnm upon 
the resistant American Club wheat, also noted irregularity. Stakman 
(83) observed injury of host cells to be a common phenomenon among 
plants resistant and immune to P. graminis and that the degree of 
hypersensitiveness varied in direct proportion to the degree of resis¬ 
tance. Regarding infection of P. graminis tritici upon the resistant 
Kanred wheat, Allen (1, p, 148) says, * in one case the 

host cell is severely damaged at a time when the fungus is not visibly 
harmed, and in another the host cell is still normal in appearance 
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while the fungus has succumbed/' According to Evans {17) no harm¬ 
ful ejffects to the host cells followed the invasion or establishment of 
the onion smut fungus, Urocystis cepulae, in either susceptible or 
nearly immune onion seedlings. In fact, mycelium which was badly 
degenerated or already dead was found in host cells which were still 
apparently healthy. 

During active production of the pycnial exudate by the apple 
rust fungus, the mycelium seemed drained of its cytoplasm. Evans 
{16) and Allen {2), working with certain of the cereal rusts, noted a 
drainage of protoplasm from the central mycelium to the peripheral 
hyphae during fruiting. This does not seem to apply here because 
an accumulation of protoplasm in the peripheral hyphae is not found. 
A likely interpretation is that the contents of the hyphae are trans¬ 
ported in some manner to the pycnia to support the prolific fruiting 
of the fimgiis. This is in agreement wuth the recent work of Liu ^ 
who made similar observations during his investigations of sexuality 
in Gymnosporangium juniperi-mrginianae. The mechanism of this 
transfer is not imderstood, although it probably depends upon the 
presence of pores or other openings in the septa and a consistency of 
cytoplasm which would expedite movem.ent. Allen {2) recognized 
this problem and suggested the possibility of some autolytic or 
digestive process reducing the hyphal contents to simpler soluble forms 
that would be more readily transportable. For a long time it has 
been knovn that protoplasmic streaming occurs in fungi, especially 
in the miicors and other groups having coenocytic hyphae. Buller 
{13) gives an excellent review of the literature on this subject. His 
own research showed that, in the higher fungi, pores were present in 
the septa through which protoplasm passed freely. Pores were not 
observed in the septa of the apple rust fungus. If, however, what 
Buller observed is applicable here, the passage of fungous protoplasm 
to a point where it is needed most may be explained. 

It is also of interest that the marginal spread of the lesion almost 
ceased when pycnial formation began. Here again, it is believed 
that the fruiting activities of the fungus drew so heavily upon the 
food materials of the hyphae that energy for continued vegetative 
growth was not available. 

Inoculations upon the dorsal surfaces of young Wealthy^ leaves 
usually failed. The secondary hyphae, emerging from the epidermal 
cells into the large intercellular spaces of the spongy parenchyma 
region, became shriveled and finally collapsed before they could 
establish contact with mesophyll cells. Death of the fungus by 
starvation seems to offer the most plausible explanation for this type 
of ^ infection failure. In addition, the protoplasts of the lower 
epidemal cells may present a less suitable medium for the yoimg 
parasite and the secondary hyphae- possibly find the changing gas 
tensions of the intercellular spaces unfavorable during early develop¬ 
ment. The parasite certainly encounters a different environment 
in the lower epidermis as compared to the upper where 2 or 3 compact 
palisade layers without apparent intercellular spaces are present. 
It is, therefore, not surprising that the parasite behaves differently 
lolowing lower-surface penetration. 

* pw. n O. IS^VESTIGATIOKS ON THE SEXUAL BKHAVIOH OE THE APPLE EUST FUNGUS. Unpublishec’ 

tokffiM dlMitatioa. tJulT.Wis. 1933. 
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The nature of resistance of mature Wealthy leaves is of special 
interest in view of the present lack of cytological evidence concerning 
this phenomenon. 

Giddings {19) reported that York Imperial apple leaves were usually 
susceptible to rust for from 15 to 25 days after they unrolled from the 
buds, the length of the period being closely associated with growth 
conditions, and believed {19, p. S3) 

^ * this acquired iminunity in York Imperial leaves is due primarily to a 

change in materials available as food for the early nutrition of the fungus; and 
secondarily to certain changes in the thickness and composition of cell walls, 
leaf coverings, etc., w^ich might be classed as physical. 

Kegarding this point, Reed and Crahill {30) also advanced the 
probability that the inhibiting factor was the increasing thickness of 
the cuticle and cell walls. 

Giddings and Berg {20) found that mature leaves occasiona% 
became infected through insect pimctiires and other wounds, but that 
infections of this kind developed very small lesions and aecia were 
never noted from them. This may lead to the belief that penetration 
was normally prevented hut occurred when an avenue of entry was 
provided, and that, once inside the tissues, the fungus was unable to 
develop veiy far, due to some unfavorable situation in the matme 
leaf mesophyll. 

The inoculation experiments of^ MiUer {27) showed that sound, 
mature leaves of the susceptible varieties, Rome Beauty, Wealthy, and 
Jonathan, were resistant to apple rust infection but when the leaves 
were torn, prior to inoculation, lesions producing pycnia and aecia 
occurred along the edges of the woimd. The mature leaves of the 
resistant varieties, Winesap and Delicious, showed no infection even 
when woimded. These data led to the interpretation that the resist¬ 
ance shown by mature leaves of susceptible varieties probably 
possessed a morphological basis. 

In the present work, Wealthy leaves, which had reached full size at 
the time of inoculation, showed no visible infection. J^Iicroscopic 
examination, however, showed the presence of numerous lesions. 
Although actual penetration was not observed, no wounds were 
found near the point where entry was believed to have occurred. 
Some factor or factors prevented the fungus from following its normal 
cycle of development. A fimdamental antagonism apparently does 
not exist. The evidence on this point is clear but interpretation is 
difl&cult and anything that might be said about it would be purely 
speculative. 

The sporidial germ tubes failed to penetrate the epidermis of old 
Wealthy leaves. In some cases the infection hyphae punctured the 
cuticle, only to be stopped by the epidermal cell^ wall. In many 
instances, the cuticle and epidermal cell wall were indented and the 
appressorium partly dislodged from the leaf. These observations 
strongly suggest a physical ability of the epidermis to withstand the 
pressure of the penetrating infection h 3 rphae. 

SUMMARY 

Cytological studies of apple rust infections in the leaves of four 
apple varieties, each differing from the other in its reaction to the 
rust fungus, are here reported. 
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Tlie sporidial gemi tubes penetrated the host directly and the 
process was essentially the same on each yariety. ^The fungus began 
its parasitic actiyities intracellularly by developing a conspicuous 
primary hypha in an epidermal cell. 

In young Wealthy leaves, the fungus developed vigorously for 
about" 10 days after infection occurred. The uninucleate niycelium 
was regularly intercellular, sending characteristically uninucleate 
haustoria into the host cells. The haustoria were usually simple, 
rarely branched. Impoverishment of the parasitized host cells was 
slight, resulting generally only in a reduction in number of plastids. 

Coincident with pycnial formation, marginal spread of the fungus 
almost ceased and the hyphae appeared to be partly depleted of their 
cytoplasmic contents. These phenomena are attributed to the fruit¬ 
ing activities of the fungus. It is thought that the food reserves in 
the hyphae, transported centripetaUy in some way to support the 
rapid exudation of the pycnia, were unavailable for further vegeta¬ 
tive growth. 

In the vicinity of the pycnia, the spongy parenchyma cells became 
iiypertrophied and the protoplasts of the palisade and upper epidermal 
cells degenerated. The hypertrophy resulted in the obliteration of 
the large intercellular spaces in the spongy parenchyma region and 
the collapse of a portion of the lower epidermis. Haustoria occupy¬ 
ing the broken-down cells were in various stages of collapse due to 
their unfavorable surrounding. As long as the host cells remained 
alive, however, they furnished a favorable substrate for fungal 
development. 

In the leaves of the other varieties used, resistance was due to a 
distinct antagonism of the host-cell protoplasts to the invading para¬ 
site. The reaction was mild in Yellow Transparent, severe in 
Fameuse, and extremely severe in Baldwin. The failure of the fungus 
to establish itself could not be attributed to hypersensitiveness of 
the host cells, resulting in starvation of the obligate parasite. Death 
and collapse of the fungus preceded injury to the host cells. 

Dorsal-surface infections upon young Wealthy leaves generahy 
failed. Penetration occurred in the usual manner but the secondary 
hyphae, emerging from the epidermal cells of entry into the large 
interceliular spaces of the spongy parenchyma tissue, shriveled and 
collapsed before they could establish contact with mesophyll cells. 
This infection failure is attributed largely to starvation of the parasite. 

^As Wealthy leaves reached mature size, they became resistant. 
No macroscopic lesions appeared. The fungus, however, was able 
to penetrate and make considerable vegetative growth. Pycnia 
were not initiated. Aside from depletion of the invaded cells, the 
host showed little deleterious effects. Some situation, apparently, 
in the host, did not allow the fungus to follow its normal cycle of 
development. 

The complete resistance shown by old Wealthy leaves is attributed 
to physical properties of the epidermis which successfully prevented 
the infection hyphae from gaining entrance into the host. 
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INFLUENCE OF THE CARBOHYDRATE-NITROGEN RE¬ 
LATION ON NODULE PRODUCTION BY RED CLOVER^ 


By Gael E. Geoegi 

Research Wisconsin AgriciiUiiral Experiment Station 

INTRODUCTION 

There are many factors which may influence the production of 
nodules upon the roots of leguminous plants. Some of these are 
physical in character, such as light intensity, soil temperature, tex¬ 
ture, and moisture; others are chemical in nature, such as soil acid¬ 
ity, inorganic salts, and simple or complex organic nitrogenous com¬ 
pounds. Of fundamental interest is one of a chemical character 
relating to the presence of cexdain inorganic salts in the siilxstrate, 
viz, the quantity and kind of combined nitrogen. 

The presence of nitrates and ammonium salts was known to reduce 
or completely suppress the number of nodules on inoculated legumes 
long befoi'e the experiments of Hellriegel and Wilfarth revealed the 
relationship between the centers of nitrogen fixation (the nodules) 
and their causal agents (the bacteria). The problem has attracted 
such wide interest that even to the present day researches have been 
conducted in the hope of determining the means by which the nod¬ 
ules are suppressed. A vast accumulation of data has resulted, but 
until recently attempts at interpretation have met with little success. 

LITERATURE 

During the 70 years that the inhibitory effect of inorganic nitro¬ 
gen on legume nodulation has been recognized, many theories have 
been proposed to explain it, but the majority of these are supported 
by little or no experimental evidence. Briefly, the earlier theories 
were concerned •with the toxic effect of nitrate nitrogen on the root- 
nodule bacteria, the production of a toxic principle in the plant, 
and immunity of the plant. 

Maze {11 ) - suggested that the combination of inorganic nitrogen 
with carbohydrate in the plant to form organic nitrogenous com¬ 
pounds effectively reduces the level of carbohydrate. As a result, 
excretion of carbohydrate from the roots is decreased and its chemo- 
tactic action on the bacteria reduced. Previous papers from this 
laboratory (7, 1;2) have presented data which are readily ex¬ 

plained by a modification of Maze’s theor}"; the modified hypothesis 
stresses the necessity of adequate carbohydrate supply in the interior 
of the plant rather than a hypothetical chemotactic effect. A paper 
of Fred and Wilson (6) summarizes the experimental results and 
the hypothesis offered in explanation. 

^ Received for publication Peb. 4,1935; issued December, 1935, Herman Fraseb Foiindation in Agricul¬ 
tural Chemistry, Paper No. 96. Contribution from the Departments of Agricultural Bacteriology and 
Agricultural Chemistry, University of Wisconsin. 

^ Reference is made by number (italic) to Literature Cited, p. 611. 
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Ill field experiiiieiitSj Eippel and Krause (14) show that the carbo¬ 
hydrate cleiiiaiids of the roots of the pea plant are much higher if 
nodules are present. The destruction of carbohydrate hj the i)ea 
roots without nodules was similar to that of a noiilegiimiiioiis plajit. 
These observatioiis are in complete agreement with the modifiecl 
theory. Allison and Ludwig (i) reemphasize the importance of 
earbohyclrate supply on nodule formation and suggest that the pri¬ 
mary need of the carbohydrate is for tissue development rather tha.n 
for energy purposes. Tliey stress the increase in the top: root ratio 
with the addition of nitrogen, and affirm that nodule development 
is repressed by combined nitrogen for the same reason that root 
development is relatively decreased under the same treatment. 

Hypotheses in explanation of this fundamental property of the 
fixation jiroeess in leguminous plants have been based for the most 
part on physiological experiments and have suffered from lack of 
experimental data of a biochemical nature. So far as the writer is 
aware, critical experiments to test the adequacy of a given hypothesis 
have not been made or even suggested by the various authors. Until 
tlie.^e data are available, speculation is likely to replace conclusions 
luised on experimental facts. This paper offers biochemical evidence 
l)earing on the carbohydrate supply hypothesis gained from experi¬ 
ments of the following ty])es: 

(1) The carbohydrate supply with respect to the nitro'gen wms 
varied by regulating the pC(). ^ in the air that was supplied to red- 
clover plants, and the effect on the nodulation of the plants was 
studied. 

(2) The level of carbohydrate in tops and roots of clover plants 
ill which the caiiiohydrate-nitrogen relation varied was determined 
and correlated with invasion of the plant by bacteria and the de¬ 
velopment of the resulting nodules. 

EXPERIMENTAL TECHNIQUE 

CELLOPHANE CHAMBER 

A suitable chamber for groAVth of plant cultures was devised, the 
details of which are shown in figure 1. The container is 20 inches 
high and 7 inches in diameter. It is covered wuth waterproof cello¬ 
phane. The tin frame is sealed to a shallow porcelain pan by calk¬ 
ing with plugging cotton and saturating the cotton with hot paraffin. 
A tube delivers the desired air plus COo mixture to each pot after 
the mixture leaves the manifold. Details of the mechanics of mix¬ 
ing the gases for^ suitable atmospheres, filtering them, regulating 
their flow, and delivering them to the manifolds are given in a paper 
by Wilson and Georgi (20). 

The growth of the plants in this type of container is as good as 
that of plants grown in open pots in the greenhouse. The chambers 
effectively keep out gross contamination without restricting growth 
or interfering with transpiration. Diffusion of CO. from a chamber 
is sufficiently slow so that concentration of this gas is higher than 
that of the surrounding air and can thus be readily maintained 
inside the container. 


2 pC 02= partial pressure of CO 2 iu atmosphere. 
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PLANT CULTURES 

Plants of red clover {Trifolimi pr^atense, var. Mammoth) were 
grown hi sterilized half-gallon earthenware pots filled with a thin 
layer of gravel over which nitrogen-free pit sand was placed. A 25 
by 200 nun glass tube in the center of the pot served as a means of 
watering; the surface of the sand was covered with sterile cork, 
which helped to prevent contamination by algae or micro-organisms.' 

The seeds were sterilized in Dakin’s solution and germinated on 
ste-rile moist blotters in Petri dishes after the method of Hopkins. 
Wilson, and Pred (8 ). After the seeds had been allowed to germinate 
for 48 hours on the blotters, 10 to 12 seedlings were trans¬ 
ferred aseptically to each pot. The seedlings were inoculated with a 



Figure 1 —Detail of cellopliane chambers used for growing plant cultures. 


water suspension of a 48-hour culture of RMzobiutn trlfolu. Strain 
209, an effective one. was used. Loss of moisture from the pots was 
frequently checked, sterile water or nitrogen-free Crone’s {3) solution 
being used to bring them up to weight. The nitrate nitrogen addi¬ 
tions Avere made as sterile solutions in concentrations varying from 
2.25 mg to 3.0 mg jper cubic centimeter of solution. 

Carbon-dioxide analyses of the atmospheres inside the cellophane 
chambers were made several times a week by methods developed in 
this laboratory {16, 19, SI). Atmospheres in the CO 2 series were 
found to vary’ from 0.1' to 0.25 percent. Sunlight was supplemented 
with artificial light during the fall, winter, and early spring months, 
as well as on cloudy days. The greenhouse temperature remained at 
about 25° C. throughout all of the experimental work. 
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HARMLSTIXG AND CHEMICAL ANALYSES 

Tlie plants -were -wasliecl from the x^ots at the time of harvest, si3e- 
cial care being taken not to lose any of the nodules. After the 
nodules had been counted, the tissue was dried at 38° C. for 48 hours 
and the clry weight determined. The tissue was siibseciuently ground 
for analysis. 

One-half of the plants used in experiments 5 to 7 were harvested 2 
hours after sundown, at the close of the fifth or sixth week; the re¬ 
mainder, 10 days later. The roots were separated from the tops and 
the wet weight of each recorded. Both were then cut up into small 
bits, care being exercised to keep the loss of plant sap to a minimum. 
The samples for analysis were weighed as rapidly as possible to 
prevent the loss of moisture.^ 

Total nitrogen deterininations were made in experiments 1 to 4 on 
0.75-g samples, as outlined for plant tissue in the Association of Offi¬ 
cial Agricultural Chemists* manual (£). In the presence of nitrate 
nitrogen the method recommended by Phillips et al. {13) was used. 
Xitrate nitrogen was determined on l-g samples of dry tissue by the 
reduction method of Sessions and Sliive {15). 

In exf)eriinents 5 to 7, nitrate nitrogen wuis determined on l-g 
portions of wet tissue immediately after harvest by the colorimetic 
method of Emmert (4). The total soluble carbohydrate fraction was 
analyzed according to the imocedure recommended by Loomis et al. 
(id), Rediieing sugars were determined by the micromethod of 
Stiles, Peterson, and Fred (A/). 

EFFECT OF INCREASED pC02 ON NODULE PRODUCTION BY CLOVER 
GROWN IN THE PRESENCE OF COMBINED NITROGEN 

If the inhibiting effect of nitrate nitrogen on nodule production is 
correlated with the removal of the available total soluble carbohy¬ 
drate by the inorganic nitrogen for protein synthesis, then the in¬ 
hibition slioulcl be overcome if the sugar level in the x)lant sap is 
raised. Four experiments were made in which the pCO^ in the 
atmosphere supplied inoculated clover plants furnished with various 
levels of combined nitrogen was increased in order to raise the carbo¬ 
hydrate content of the plant. Thus a critical test of the carbo¬ 
hydrate supply hypothesis could be obtained. 

EXPERIMENT 1 

These plants used in the first experiment were grown for 58 days 
in the fall of 1932. Ten milligrams of KNO 3 per eight plants per 
bottle were added at the start of the experiment and 10 milligrams 
weekly thereafter until the level of nitrate designated was reached. 
The first experiment was the only one not carried out in cellophane 
cans; instead, open 64-ounce flint glass bottles were employed, as 
dmcribed by Wilson and Georgi {W). Fifteen days after pjlanting, 
COz was started through the air plus CO 2 series. 

The appearance of the tops (stems and** leaves) was tyjiical of the 
plants in subsequent experiments. The following details hold for 
all the experiments. Plants grown in a normal atmosphere were 
markedly smaller in height and leaf area than plants of the same 
5iOs level enveloped in an atmosphere of increased pCOg. The 
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color of tlie plants receiving nitrate nitrogen was a much deeper 
green than that of the controls (or 0-mg level), those exposed to the 
higher pCO. being a deeper green than those exposed to the normal 
pCOo of the" air. 

At the time of harvest the following observations were made with 
respect to nodule distribution. On the roots of plants of the 0-mg 
air series, nodules were fingerlike in shape and clustered around the 
crown of the taproot. In the 10-mg air series much the same pic¬ 
ture was presented, but in the 20-mg air series nodules were small 
and round, indicating the "'antagonistic *’ or inhibiting effect of the 
nitrate. In both the 10- and 80-nig air series, all of the nodules were 
small and round; at the latter level many plants possessed no 
nodules. In the air plus CO 2 series, a very different distribution 
took place. Plants at the 0-mg level possessed several very large 
fingerlike nodules on the crown of the taproot, and even the second¬ 
ary roots contained nodules, both round and small fingerlike ones. 
At the 10-mg level, nodule distribution was very similar to that at 
the 0-mg level, except that more small, round nodules were in 
evidence. At the 20-mg level there were very few nodules on the 
taproot, the majority being relegated to the secondary root system. 
At both the 40- and 80-mg levels, the nodules were all on the second¬ 
ary roots and small in size. 


Table 1 .—Effect of increased pOO- on nod ale production hp red clover in the 
presence of ETVOs/ in experiment 1 (oS daps), Eept, 2S to Xoi\ 2o, X042 


Treatment 

Plants 

Nodules 

Atmosphere 2 

KNO 3 

Total 

Dry 
weight 
per 10— 

Total nitrogen 
per 10 3— 

Total count 

Per grams 
(dry weight) 

Per 100 milli¬ 
grams of 
nitrogen 


Milli- 

Num- 


Milli- 

Per- 


Per- 

Num- 

Per- 

Num- 

Per- 


grams 

ber 

Grams 

grams 

cent 

Number 

cent^ 

ber 

cerit 4 

ber 

cent ^ 


f 0 

88 

0.808 

16.8 

2.08 

121±13.1 

100 

150 

100 

720.2 

ICu 


10 

56 

.785 

17.4 

2.21 

90± 4.4 

74.4 

115 

76.7 

517.2 

71.8 

Air-_.. 

20 

55 

.724 

16.0 

2.21 

63± 5. S 

52.0 

87 

58.0 

393.7 

54.7 


40 

60 i 

.654 

17.2 

2.62 

32± 4.2 

26,5 

49 

32.7 

186.1 

25.8 


1 SO 

60 

.725 

19.7 

2 7t 

3± 1.8 

2.5 

4.1 

2.7 

15.2 

2.1 


f 0 

83 ^ 

1.47G ; 

24.7 

1.6S 

145± 8.5 

100 

98 

100 

587.0 

100 


10 

59 

1.015 

21.7 

2.14 

lllill.O 

76.6 

109 

111.2 

511.5 

87.1 

CO 2 .-,.. 

< 20 

77 

1.033 i 

21.3 

2.06 

90± S. 2 

62.1 

87 

88.8 

422.9 

72.0 


40 

48 

1.032 

24.7 

2.39 

51db 3.9 

35.2 

49 

50.0 

200.5 

35.2 


1. SO 

60 

.908 

20.2 1 

2.22 

33±10.2 

22.8 

30 

36.7 

163.4 

27. S 


J 10.0 mg added weekly to each pot; 10.0 mg added at start. 

2 CO 2 atmosphere contained approximately 0.15 percent CO 2 . 

3 Nitrate nitrogen-free. 

i Zero-mg level=100 percent. 

Table 1 gives the data pertinent to this experiment.^ There is 
marked evidence of the stimulatory effect of added CO 2 in both the 
total weight of nitrogen and in the average dry weight per 10 plants. 
The percentage of nitrogen is somewhat smaller in the air plus CO 2 
series than in the air, indicating that the carbohydrate relative to 
nitrogen is higher in plants of this series. The total count of nod^es 
per 10 plants is calculated in this table with the standard deviation. 

A comparison of the total counts shows that plants receiving in¬ 
creased pCOs always possessed a greater number of nodules than 
the corresponding plants of the air atmosphere, i. e., plants re- 
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ceiviiig tlie same quaiititT of combined nitrogen. In all cases, the 
addition of NOs caused a reduction in the number of nodules, but 
the reduction was relatively less on the plants receiving additional 
COo. This is best brought out by comparison of the relative number 
of nodules on the plants of each NO3 level with the 0-mg level 
equal to 100 in both the air and CO2 series. In every case the rela¬ 
tive number of nodules in corresponding levels of NOs was greater 
in the CO 2 series. This shows conclusively that the reduction was 
less in the CO2 series. 

In order to correct for the ditferences in size of plants, calcula¬ 
tions were made on the number of nodules per gram of dry weight 
and per gram of nitrogen. Once again, comparing the relative 
values, it is seen that the reduction in the number of nodules (be¬ 
cause of the presence of IsOa) is relatively smaller in the CO2 
.series. 

Attention is called to the fact that the absolute number of nodules 
per unit of weight or unit of nitrogen in the absence of nitrate 
nitrogen in the air series is greater, indicating that the centers of 
fixation (nodules) are more active on the plants receiving addi¬ 
tional CO2. This might arise from two factors: (1) Larger 
nodules, and hence a greater amount of tissue for fixation activity, 
or (2) the higher level of soluble carbohydrate that is probably 
available to the cells of the roots the plants for tissue synthesis. 

Under “ total count ”• the stimulatory effect of the air plus CO2 
series (referred to from now on as the CO2 series) over the air 
series is very marked, less so at the lower levels of nitrate. In the 
case of the highest level. SO mg. the increase in the number of nodules 
of the CO2 series over that of the air series is more than tenfold. 
The inhibitory effect of the nitrate nitrogen is evident within both 
the air and the CO2 series, but it is to some extent overcome by an 
increase in pCO^ furnished the plants. The same holds true for 
the number of nodules per gram of dry weight and the number per 
gram of nitrogen. The stimulatory effect of CO2 calculated from 
the number of nodules per grain of nitrogen is marked, as can be 
seen by comparing the data shown for the two series in tlie last 
column of table 1. 

EXPERIMENT 2 

The plants in experiment 2 were harvested on the fifty-ninth 
day; they were grown diiiung the winter months. The combined 
nitrogen was added as to i^ots of 10 plants each. Tlie 

following levels were used 0, 23, 50, and 100 mg per 10 plants. Xo 
nitrate was added to any of the plant cultures until the seventeenth 
day, when 25 mg was added to each of the XO3 pots. Weeldv 
theimfter, 25 mg was added to each of the 50- and 100-mg level's 
until the requisite quantity had been reached. Carbon dioxide was 
passed through the CO- series beginning with the seventeenth day 

of OTOWtIl. 

At the time of harvest the number of nodules within each series 
was found to decrease progressively with increasing nitrate nitrogen 
in air treatments; however, the number of nodules was greater in 
the,, CO 2 series. The plants in both 0-mg series had fingeiiike 
Rf^ules near the crown of the taproot, but those exposed to increased 
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pCOo possessed more and larger nodules, maiir of which were dis¬ 
tributed over the secondary root system. The large fiiigerlike nod¬ 
ules found on the 0-nig CO- series were colored pink (aiitliocyanin 
pigments), characteristic of plant tissue exhibiting carbohydrate 
excess. In general, the effect of the XHiNO;- on nodule size and 
distribution was similar to that observed in experiment 1. 

Figure 2 summarizes the essential data of experiment 2. At eaeli 
of the nitrate levels the CO- series had almost twice as many nodules 
])er 10 plants as the corresponding air series. A decrease in the 
total count within each series is evident with increasing nitrate 
nitrogen. Data not included in the grapli showed that there was a 
marked increase in total nitrogen and dry weight in the CO- series, 
again almost twice that of the corresponding levels in tlie air series. 

Figime 3 shows the characteristic distribution of noiliiles and the 
types of root systems of plants exposed and of plants not exposed to 



Figure 2.—Effect of increased pCOs on nodule production by red clover in the presence of NH 4 NO;;, 25 
rag being added to each pot at the start and 25 mg weekly; experiment 2 (59 days), November 20, 1932, 
to January 18,1933. A and D, total count of nodules; B and nodules per gram of dry weight; C and 
Fy nodules per gram of nitrogen. In JD, E, and F, the 0-mg level=100 percent. 

an increased partial pressure of COo. In each part of the figure the 
2 plants shown on the left were taken from the air series and the 2 
on the right from the COo series. The number, size, and distribution 
of nodules on the roots of the plants of the 2 different atmospheres 
and the I-XOg levels are similar to those described previously and 
to those observed in subsequent experiments. It will be noted that 
the root systems are very much denser where the pCO- of the atmos¬ 
phere surrounding the upper part of the plant is incx'eased. 

EXPERIMENT 

The inorganic nitrogen source in experiment 3 was NII4NO;;, all 
of which was added at two levels of nitrate nitrogen (50 and 100 
mg per 10 plants per pot) at the start of the experiment. The 
plants were grown during the spring of the year and were harvested 
when they were 50 days old. CO^ wuis first passed through the CO- 
series 4 weeks after planting. 
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The results of this experiment ^’ere very similar to those of the 
preceding experiments: that is, the number of nodules decreased with 



FiGtTRE 3.—No<iuIe distribution on roots of plants. These photojrraphs are typical of plants of all four 
series. 0-mg level 04) and 25-ing level (B) are from experiment 2; 50-nig level (C) and lOO-mg level (D) 
are from experiment 3. Note that the plants receiving increased pC O 2 present a striking degree of nodu- 
lation even though the nitrate nitrogen level has exceeded the critical concentration believed to be in¬ 
hibitory under ordinary atmospheres. In each photograph plants grown in air are shown at left and those 
in air plus CO 2 at right. 



FtGUKE 4.-~Effect of increased pCOs on nodule production by red clover in the presence of NH4NO3, 
which was added to all pots at the start; experiment 3, (50 days) April 7 to May 27,1933. A and D, total 
count of nodiilffi; B and JS, nodules per gram of dry weight; C and J?, weight of nodules per 10 plants. 
In D, S, and B the 0-mg level=100 percent. 

ta iiicre^a^e in the IsO^ concentration and there was a markedly 
^ipiiilatiiig effect on nodule formation with increased pCOg, with a 
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decided tendency for the nodules to be distributed OTer the secondary 
root system in the latter instance. Many of the plants at the 100-mg 
ierel in both series possessed no nodules, generally fewer being pres¬ 
ent on the roots of the 100-mg air series. In this experiment dry 
weight of nodule was determined: the data are summarized in 
fignre 4. Both iiiiniber and weight of nodule were greater on the 
plants given increased CO.. 

EXPERIMENT 4 

Exjieriment 4 was conducted during the siiinmer months for a 
period of 62 days. iNTCXO;. at three levels—(b of), and lOiJ mg—was 
employed: 25 ing were added at the start and 25 iiig weekly there¬ 
after. Passage of CO^ was begun 21 days after the beginning of 
the experiment. 


Table 2, —Effect of increased pCO^ on nodule production l}ij red clover in the 
presence of XEiXOzf' in experiment If {02 daps), Juhj S to S'epf. 5, W3S 


Treatment 

Plants 

Nodules 

Atmosphere 2 

Nn4NO0 

Total 

Dry 
weight 
per 10 

Total nitrogen 
per 10 8 

Total count 

Per gram (dry 
weight) 

Per 100 milli- 
gr.ams of ni¬ 
trogen 


Mini- 

Num- 


Milli- 

Per- 

Xum- 

Per- 

Num- 

Per- 

Num- 

Per- 


grams 

her 

Grams 

grams 

cent 

ber 

cent i 

ber 

cent* 

ber 

cent 


!' c 

50 

Q.m& 

18. SO 

2. S2 

156 

100 

234 

100 

829.7 

100 

Air.1 

50 

65 

.931 

29.34 

15 

126 

81 

135 

57.7 

429.4 

51.8 


[ 100 

70 

.889 
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’ 25 mg. added at start; 25 mg. added weekly. 

2 COs atmosphere contained approximately 0.15 percent CO 2 . 

3 Nitrate nitrogen-free. 

* 0-mg levels* 100-percent. 

The nodule distribution was the same as in previous experiments. 
The complete data given in table 2 confirm the results of the other 
experiments in showing that with increased added combined nitro¬ 
gen the percentage of nitrogen increased, the percentage of nitrogen 
was lower for a given treatment in the CO. series, and the inhibition 
of nodule formation both with respect to size and number was not 
so marked in the COo series. 

The plants of the 50-nig level of the CO. series were much larger 
than those of the 0~ing level of the same series. This stimulation 
of growth by the added combined nitrogen was accompanied by a 
marked increase in the number of nodules. It should be noted that 
with a similar increase in the size of plants (dry weight) in corre¬ 
sponding plants of the air series there was a decrease in tlie number 
of nodules. 

EFFECT OF INCEEASED pCOs ON SOLUBLE CARBOHYDRATE CON¬ 
TENT OF INOCULATED CLOVER PLANTS FURNISHED COMBINED 

NITROGEN 

The hypothesis, that the inhibitory effect of combined nitrogen on 
invasion of the plant and nodule development results from a decrease, 
in the level of carbohydrate in the plant; is based on the assumption 
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tliat the combined nitrogen reduces this level by using it in protein 
synthesis. This assuiiiption appears reasonable, but the necessary 
supporting data are meager. Strowd (IS) and Orcutt and Wilson 
{12) hare demonstrated that the addition of combined nitrogen 
reduces the carbohydrate content in the sap of the soybean as well 
as the iiiiniber of nodules. 

The explanation of the data obtained in experiments 1 to 4 \yould 
appear to rest on the increased carbohydrate level in the plant given 
added CO-j. Five experiments were made to determine the (piantita- 
tive nature of this assumed increase; only three representative ones 
will be discussed at length. 


EXPERIMENT 5 

The plants used in experiment T) were grown during the fall of 
1938. The combined nitrogen was added weekly after the first 19 
days of growth in the following order for the oO-mg level: 5, 10, 7.5. 



riGUEE S.—Effect of increased pCO^ on nodule production (U and E), percentage of nitrogen (B and F) 
invert sugar In tops and roots (C and Gf), and inorganic (NOa) nitrogen (D and H) in red clover grown in 
IM presence of Ca (NOs)* in experiment 5; first harvest is shown in A to D and second harvest in Eto H 


10, and 17.5 mg of CaCNOs)^^ the last amount being added on the 
forty-second day of growth, or 18 days before the first harvest. For 
the 100-mg level, there were added weekly after the first 19 davs, 
10,20,15, 20, and 85 mg per 10 plants per pot. 

At the^first harvest, the clover plants were 55 days old: at the 
second, 65 days old. CO. was first passed through when the plants 
wwe 21 days old, those of harvest 1, CO. series, being exposed to 
CO 2 for 34 clays and those of harvest 2 for 44 days. 

The inhibitory effect of Ca(N03)2 on nodule production with the 
partial effectiveness, of CO. is demonstrated in figure 5, A and E, 
Fhe percentage of nitrogen is lower, generally, in the CO^ series 
than in the air series; with increasing nitrate nitrogen, the per- 
«*entage of nitrogen likewise increased in botli series. 

With increasing nitrate nitrogen concentration, the level of solubie 
carTOnTcirate tended to fall off in both roots and tops. A liigher 
level of sugar in the sap of plants growm in increased pCOo is strik- 
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iiigly illustrated. The nitrate nitrogen concentration witliiii the 
plant increased but not proportionately to the quantity added to 
the substrate. Here the plants of the C'Oo series showed less nitrate 
nitrogen in the plant sap than those of the air. 

EXPERIMENT 6 


Experiment 6 was conducted in the spring. Half of the 
Ca(X 03)2 of the two nitrate levels was adclecl at the time of plant¬ 
ing, the rest, i. e., 25 and 50 mg, was added to the 50- and 100-mg 
levels, respectively, 23 days later, thereby making all of the com¬ 
bined nitrogen present 31 days before the first harvest. 

At 54 days, harvest 1 was made, and at 61 days, harvest 2 ; CO 2 
was started 23 days after planting. 

The data in this experiment, given in figure 6 , bear a marked 
similarity to those of experiment 5 (fig. 5). There is a tendency 
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Figure 6.—Effect of increased pCOa on nodule production (.4 and E), percentage of nitrogen {B and F ), 
invert sugar in tops and roots (Cand G), and inorganic (NO 3 ) nitrogen (X) and H) in red clover grown 
in the presence of Ca (N03)2 in experiment 6; first harvest is shown in .4 to D and second harvest in E 
to H. 


for the number of nodules to decrease at increasing levels of iiitrate 
nitrogen, and again the CO 2 series maintains a higher margin than 
does the air series at the three NO 3 levels. This is more marked in 
the second harvest than in the first. The percentage of nitrogen 
increases with added combined nitrogen and is always higher in 
the air series for a given level of combined nitrogen. The invert 
sugar decreases with increasing NO 3 concentration, again a higher 
level being maintained by the CO 2 series. 

The nitrate nitrogen in the plant sap increased with the concen¬ 
tration, as would be expected, analysis of the CO 2 series indicating 
that less existed there than in the air series. This increase was 
much more marked in the top portions of the plant in this experi¬ 
ment than in those of experiment 5. For some unknown reason, in 
harvest 2 , the CO 2 roots possessed a greater quantity of nitrate 
nitrogen than the corresponding air series. This is the only instance 
in which such a discrei)ancy occurred. 
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EXPEfilllENT 7 

Because of the limited number of cellophane cans, it was necessary 
to employ fourteen 12-1 pyrex bottles in order to carry on this ex¬ 
periment simultaneously with the preceding one. The technique 
was varied sometyhat in that 20 seeds were planted per bottle and 
consequently the nitrate nitrogen level had to be raised in order to 
have nitrate present in the same proportion that it was when 10 
plants per pot were used. The levels chosen were 100 and 200 mg 
per 20 plants per bottle. The system of growth employed was simi¬ 
lar to that described in a previous publication {20) for 64-ounce 
glass bottles. Carbon dioxide determinations were made colori- 
metrically in small flasks suspended permanently in each bottle {16). 

The experiment was carried on in the spring. The Ca(N 03)2 was 
added in two portions, one-half at the time of planting and the 
remainder at the close of 22 days. 



FiGTOE 7.--Ef!ect of increased pCOs on nodule production (^4 and E), percentage of nitrogen (jB and P), 
invert sugar in tops and roots (C and G), and inorganic (NO 3 ) nitrogen (D and H) in red clover grown 
in tb© prMence of Ga (NOa)^ in experiment 7; first tiarvest is shown in -4 to i? and second harvest in E 
IqH, 

Harvest 1 was made when the plants were 43 days old and harvest 
2 a week later. CO 2 was passed through after 22 days of growth. 

_ The data are presented in figure 7. The general tendency is very 
similar to that of the preceding two experiments, except that the 
soluble sugars of the roots of the CO 2 series of both harvests exceed 
those of the tops of the air series of the same harvests. This is 
believed to have been caused by the lack of CO 3 in the air series. 
A.S these plants grew larger, it was found increasingly difficult to 
supply them with the requisite quantity of CO 2 because of the rapid 
assimilation, even though adjustments were frequently made to 
supply them at increased rates of gas flow. 

The data are not complete because of the lack of root tissue in the 
air series of both harvests, hence there are no curves for the air roots 
m the percentage nitrogen or nitrate nitrogen determinations; all of 
the tissue was used for the carbohydrate determination and even that 
proved insufficient for the first harvest. The number of nodules de- 
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creased with increasing nitrate nitrogen concentration. This was 
especially true of the CO2 series, which is contrary to the results of 
previous experiments. However, the nodules on the plants given in¬ 
creased CO2 were much larger than those in the corresponding series 
given air. The percentage of nitrogen again is higher in the air 
series than in the CO2 series. The soluble sugars decreased as in 
previous experiments, the CO2 series maintaining a higher level in 
the sap of both tops and roots. The nitrate nitrogen in the sap in¬ 
creased with an increase of NO3 in the substrate, the air series indi¬ 
cating much more present than the CO2 series. 

DISCUSSION 

The quantitative data presented in this paper substitute experi¬ 
mental evidence for some of the assumptions on which is based the 
hypothesis that inorganic nitrogen reduces nodule formation in legu¬ 
minous plants b}^ decreasing the carbohydrate supply. Before dis¬ 
cussing the interpretation of the data in relation to this hypothesis, 
it may be well to summarize the salient facts of these experiments. 

(1) If an inoculated clover plant is furnished combined nitrogen, the number 
and size of tlie nodules decrease; with increasing ciuantities of nitrogen, the 
development of the nodules is inhibited to the vanishing point. 

(2j Coincident with this antagonistic effect of combined nitrogen on nodule 
formation may be noted: (a) an increase in the percentage of nitrogen (nar¬ 
rowing of the carbohydrate-nitrogen relation in the plant) ; (b) a decrease in 
the quantity of soluble sugars in the sap; (c) an increase in the inorganic 
(nitrate) nitrogen. 

If plants receiving combined nitrogen in quantities sufficiently large to inhibit 
or to suppress nodule formation are furnished an atmosphere containing in¬ 
creased COo, the foregoing responses are modified considerably. 

(3) The invasion of the plant and the development of the nodules are greatly 
stimulated by increased CO 2 so that the inhibitory effects of the combined nitro¬ 
gen can be partially but not completely overcome. This beneficial effect on 
nodule formation may be demonstrated by using the following criteria of nodule 
production either on an absolute or on a relative basis: (a) Number of nodules 
per plant, (b) number of nodules per gram dry weight of plant, (c) number of 
nodules per gram nitrogen of plant, (d) dry weight of nodules per plant. 

(4) Accompanying the beneficial effect of increased COi* on nodule formation 
in the presence of combined nitrogen are: (a) A decrease in the percentage of 
nitrogen in the plants indicative of a widening ot the carbohydrate-nitrogen 
relation obtaining therein; (b) an increase in the total soluble sugars in the 
sap, i. e., for a given level of combined nitrogen nutrition, plants supplied with 
increased CO 2 will have a higher content of carbohydrate; (c) a decrease in the 
level of inorganic nitrogen in the plant. 

These results supply the needed experimental basis for the carbo¬ 
hydrate-supply hjq)othesis, and in a general way substantiate this 
explanation of the combined nitrogen effect. Qualitatively, the data 
show that if combined nitrogen is supplied to inoculated leguminous 
plants, the level of a soluble carbohydrate and the G:N relation 
decrease, coincidently with a decrease in nodule development. If the 
level of carbohydrate and the C: N relation are kept from changing 
in the presence of added combined nitrogen by increasing the plant’s 
photosyntlietic activities, the inhibitory effect of the combined nitro¬ 
gen can be partially overcome. It seems reasonable to suppose, then, 
that there is an intimate interrelationship between the carbohydrate 
supply, the nitrogen nutrition, and the formation of nodules. 

Quantitatively, the data suggest that this interrelationship is not 
the sole factor that conditions the response of the nodule to the 
presence of combined nitrogen. This is brought out in experiments 
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5 to 7* as figures 5 to 7 show, the presence of conibiiied 

nitrogen results in a decrease in the soluble sugar content of the sap, 
the observed decrease does not aj^pear to be sufficiently large to 
account for the striking reduction in the number and size of the 
nodules. It is realized that the figures for the individual determina¬ 
tions are subject to daily and even hourly variations; hence, conclu¬ 
sions must be based on a fairly large number of samples. The nu¬ 
merous analyses made in this study as well as those on soybeans pre- 
.^ented by Orcutt and Wilson {1:2) consistently show that although 
a definite reduction in sugar takes xolace in plants furnished com¬ 
bined nitrogen, the observed decrease does not appear to be sufficient 
to account completely for the accompanying reduction in number 
and size of the nodules. 

In view of the relatively greater effect of combined nitrogen in 
decreasing development of nodule tissue than in decreasing the car¬ 
bohydrate level in the plant sap, an explanation of the reduction of 
nodules by nitrates based solely on decrease in soluble carbohydrate 
appears inadecpiate. The following alternative explanations are 
available: 

(1) The carbohydrate level in the plants, especialty in the roots, 
is ill equilibrium with the requirements of host and bacteria, and 
any change in the available supply results in a decrease below which 
normal growth cannot occur: a small decrease in the available carbo¬ 
hydrate may result in a large decrease in the development of nodular 
tissue. This view has been stressed by Allison and Ludwig (7), but 
no data are available that directly support the assumption. Until 
more definite information is obtained, judgment with respect to the 
adequacy of this explanation must be reserved. 

(2) A second explanation that might be suggested is that the 
soluble carbohydrate figures are only a rough indication of the total 
supply of energy and building material, and that although nitrate 
reduces this supply quite markedly, there is a tendency for the sol¬ 
uble fractions to remain more or less constant. Lacking definite 
information with respect to which types of carbohydrates are impor¬ 
tant in this connection, the required analyses would have to include 
all formsi—a laborious proceeding. This idea, however, can be tested 
in a general way by regarding the percentage of nitrogen in the 
plant as an inverse measure of total carbohydrate and determining 
whether or not plants gi%"en both CO2 and combined nitrogen re¬ 
spond with respect to total carbohydrate and nodule production as 
do plants grown in air. To decide this question, the data from 10 
experiments were combined and the correlation coefficients between 
number of nodules and percentage of nitrogen were determined. 


Table, S. — Correlation mefflcient^ heticeen numher of nottides and percentage of 
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Tlie coefficients, given in table 3, show that there is a decidecllv 
significant inverse •correlation between percentage of nitrogen and 
nimiber of nodules, or a direct correlation between total carbo¬ 
hydrate and number of nodules. Moreover, the difference between 
the plants supplied with increased CO:* and those given normal air 
is not significant, indicating that these two populations belong to¬ 
gether. It is therefore concluded that, insofar as these data can 
supply an answer, nodule production varies directly with total car¬ 
bohydrates, and the response is consistent irrespective of the treat¬ 
ment. It is realized that this conclusion cannot be regarded as 
final, since both variables (total carbohydrates and nodules) were 
crudely measured; possibly data concerned with various forms of 
carbohydrate and with weight or volume of nodules will supply a 
definite answer. 

(3) Finally, the data are not inconsistent with the view that 
there is a specific effect of the combined nitrogen ion. Reference 
to figures 5, 6, and T shows that coincident with the increase in 
soluble carbohydrate and number of nodules, there occurred a de¬ 
crease in the concentration of the NOn in the sap of plants given 
additional CO2- It is possible that the XOh exerts a specific effect 
in addition to or independent of its indirect effect in lowering 
available carbohydrate. 

SUMMARY 

The inhibitional effects of combined nitrogen upon nodule pro¬ 
duction by inoculated red clover plants can be partially overcome 
by increasing the carbohydrate synthesis in the plant; that is, by 
supplying inoculated plants given combined nitrogen with addi¬ 
tional COj. 

Coincident with overcoming this inhibition there occurs: (1) a 
rise in concentration of the soluble carbohydrate in the sap, (2) a 
decrease in the percentage of nitrogen (widening of the C:Iv rela¬ 
tion), and (3) a decrease in the concentration of combined inor¬ 
ganic nitrogen in the sap. 

These responses are discussed with reference to their bearing on 
the theory that the inhibitional effects of combined nitrogen depend 
on the influence of the latter on available carbohydrate. 
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THE RELATION OF FOLIAGE COLOR TO APHID RESIST¬ 
ANCE IN SOME VARIETIES OF CANNING PEAS' 


By Ed M. Searls 

Assistant professor of economic entomology, Wisconsin Agricultural Experiment 

Station 

INTRODUCTION 

Foliage color of canning peas varies between varieties, and occa¬ 
sionally within varieties, from a deep green to a light green which 
closely approaches yellow'. As the writer has pointed out,^ certain 
varieties of canning peas {Pisum satimm L.) vary widely in the degree 
to which they are damaged by the pea aphid {Illinoia pisi (Ivalt.)) 
during seasons of severe infestation. In such years a constant rela¬ 
tion has been observed betw'een color of foliage and the reaction of 
the plant to insect injury, resistance being associated with yeUow' in 
the foliage and susceptibility with green. This paper reports the 
results of a study made to obtam evidence concerning this apparent 
relation between resistance and foliage color. A number of crosses 
w'ere made betw'een yellow'- and green-foliaged varieties and the prog¬ 
enies studied. In this paper plants with gi'een foliage are referred 
to as “green” and those with yellow' foliage as “yellow.” 

MATERIALS 

Three varieties of canmng peas. Yellow' Admiral, Perfection, and 
Onward, were used in this study. Yellow' Admiral was selected be¬ 
cause of its distinctly yellowish foliage and its observed resistance to 
aphid attack. This variety has a tall vine with long, slender inter¬ 
nodes and small leaves. Perfection, which is very susceptible, is a 
deep-green dwarf pea with short, thick internodes and large, fleshy 
leaves. Onw'ard resembles Yellow Admiral in foliage color and resist¬ 
ance, and Perfection in habit of growth. In 1931 these three varieties 
were hybridized with each other, making all possible combinations. 
The first generation of each cross was growm in the greenhouse during 
the winter of 1931-32. The second generation w'as grown, with 
woven-wire fences as supports, in the field in 1932. The entire popii- 
lation from each cross was grown on a separate fence, and the indi¬ 
viduals were evaluated whenever possible as to height and color. The 
F 2 progeny of the YeUow Admiral-Perfection cross was separated into 
three classes—tall green, taU yeUow, and dwarf green. The Fs prog¬ 
eny of the Yellow Admiral-Onward cross also contained both tall and 
dwarf plants that were distinctly green, although the foliage of both 
parents w'as yellow. Therefore four classes were separated from the 
F 2 population of this cross—taU green, tall yeEow, dwarf green, and 
dwarf yeUow. Two classes were selected from the Onward-Perfection 
cross—dwarf green and dwarf yeUow. Seed saved from individual 
plants in each class was planted in 1932 for P 3 progeny tests. 
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It was not possible to determine the number of individuals in each 
class from each cross in the Fo population. Jvlany of the plants be¬ 
came infested with a virus disease which caused a chlorosis of the 
plants and rendered normally green plants quite indistinguishable 
from yellow ones. 

In a subsequent cross between Yellow Admiral and Onward it was 
foimd that in the Fo population of 164 individuals, 90 were tall green, 
33 were tall yellow, 26 were dwarf green, and 15 were dwarf yellow. 
Dwarf is a simple recessiv^e to tall, but the fact that yellow^ and green 
are distributed in approximately a 3:1 ratio in each of the height 
(lasses may be merely a coincidence. Green plants predominated in 
a cross involving two yellow strains, thereby indicating that foliage 
color may rest upon a complex genetic basis. Somewhat arbitrary 
distinctions as to color value are necessary in classifying an entire 
population in this way since there are at present no satisfactory 
methods of evaluating foliage color under field conditions. Many 
plants were found the color of which was intermediate between the 
colors of the parents. These were not used since they could not be 
assigned either definite or comparative values. 

F4 progenies were not used in aphid-resistance tests but were grown 
for increase and further elimination of lines segregating for wne height 
and foliage color. The F5 progeny test was made in 1933 upon dwarf 
plants w'hicli had been carefully selected in the r4 for uniformity of 
height and color. 

PROCEDURE 

In testing the Fy populations eadi class from each cross was planted 
in a solid block. When the plants were about 3 inches high they were 
dusted with mcotine dust to remove any aphids that might be present 
and were then given a iniiform aphid infestation. The aphids used 
for this purpose were reared on a susceptible strain of peas grown in 
greenhouse flats. These aphids had been brushed from the plants to 
the soil periodically. In crawling back to the plants they tended to 
distribute themselves uniformly among the plants. Aphid-laden 
plants were cut off at the ground and methodically placed upon the 
test plants. 

When the plants were in full bloom a scries of four aphid counts 
was made. This was done by bending the top 5 inches of each of 
10 plants over a metal container, knocking the aphids off into the 
container, and counting them. At the time the coimts were made 
many tall and green families of the F3 were still producing dwarf 
and 3y!low plants. For tliis reason, only plants typical of the class 
in which they grew were selected for aphid counts. 

Only dwarf families were used in the F5 test. Each family was 
planted in 3 nmf 5 feet long, Synches apart, and IS inches from the 
next nearest family. ^ The families were planted on August 1, 1933, in 
3 groups of 14^faiiiilies to each. Each group extended east and west 
and each family extended north and south. Plantings of parent 
Perfection stock were made at irregular intervals to serve as checks. 
The 'groups were lettered alphabetically, beginning at the north, 
whl'e ^the families were numbered 1 to 14 beginning at the east. 
FmiEes 1 and 14 were border fanulies and were not used. These 
were infested as heretofore except that apliids were removed 
from the suscepti'ble plants by means of a small camel s-hair brush 
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and placed upon the leaves of the test plants. Sixteen aphids of 
all ages were thus placed upon each row at regular intervals. 

Four aphid counts were made at 2-day intervals after the plants 
were in full bloom. In order to standardize the procedure the five 
plants growing at the south end of the eastern row of each family 
were cut ofi at the ground, all aphids were shaken from the plant 
into a metal container, and the aphids counted. The next five plants 
were taken for each succeeding count. 

EXPERIMENTAL RESULTS 


Table 1.- —Numher of aphids occurrmg on green as compared with yellow segregates 
in third-generation selections^ Madison, TRs., 1932 


C ro^s 

i 

Type t f F 2 segreiiate 

! 

Infestation per 10 Fr, plants 

1 

Sept. 22 1 

Sept. 24 

1 

Sept. 26 

[ 

Sept. 28 

Perfection X Yellow AdmiraL-. 

Onward X Yellow Admiral. 

Perfection X Onward. 

(Tall sreen—. ..J 

(Tall yellow.. 

(Dwarf green. 

Tall green.- 

Tall yellow. 

[Dwarf yellow. 

fDwaif green... 

\Dwarf yellow. 

644 
121 
634 
1,840 
97 
282 
5,746 
1,258 

760 

t 107 

358 
970 ; 
366 ■ 
66S ' 
! 5,040 

688 
i 

1,360 
' 144 

1,936 
1.384 
294 1 
776 ' 
7,680 
720 

1,933 

196 

2,800 

I 2,024 

288 
1,512 
10,524 
2,080 


In the results of the Fa test, given in table 1, the classes are arranged 
in couplets. Thus in the Yellow Admiral X Perfection hybrids the 
tall green class differs from the tall yellow class chiefly in color. 
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As previously stated, resistance tests were not made with F4 
progenies, but F5 progenies which appeared to be fixed for color 
and vine height were subjected to aphid infestation in 1933. In table 
2 the infestations of the yeUow progenies, the green progenies, and 
the Perfection check rows are listed separately, also. 

In figure 1 the comparative rate of increase and number of aphids 
per five plants on yellow and green plants are shovui. A statistical 
treatment of the data is given in table 3. 

The data show that in all cases the green plants were more heavily 
infested than the comparable yellow plants. Thus in table 1 the 



riGURE 1.—Comparative rates of increase in aphid popnlation on green and yellow segregates and on the 
green variety used as a check, Madison, Wis., 1933. 


tall green class from the Yellow Admiral X Perfection cross had about 
10 times as many aphids on September 28 as the tall yellow plants. 
A comparable difference was observed between the tall green and the 
tall yeUow classes from the Yellow Admiral X Onward cross. The 
only direct comparison possible between dwarf green and dwarf 
yellow classes is in the progenies from the Perfection X Onward 
cross. Here there were about 5 times as many apHds on the dwarf 
green plants as on the yellow at the end of the experiment. It should 
be noted again that only plants at the obvious extreme of either 
green or yellow were used in this study. 

% ,The tMrd-generation results show clearly that resistance to aphids 
is heritable and is associated closely with the expression of yellow- 
colored foliage. Green progenies from a cross between Yellow Ad¬ 
miral and Onward, t’wo yellow varieties, were as susceptible ^ any 
comparable green varieties, while the yellow progenies were resistant. 
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Table 3. —Siaiistical treaimeyit of data in table 2 showing means, standard deviation^ 
difference between yneans, standard error of the difference, and ratio of latter two 
to each other, Madison, IFxs., 1933 


Date 

Green 

Yellow 

Mean of 
green 
minus 
mean of 
yellow 

Standard 

error 

Critical 

ratio 

Mean 

Standard 

deviation 

Mean 

Standard 

deviation 

Sept. 12__ 

Sept. 14- - 

Sept. 16___ 

Sept. 18__ 

1,286.6 
2, .301.4 

6, on. 2 

9, 767. 2 

642.4 
1,294. .3 
2,631.7 
3,701.3 

i 

1.086.4 
1,834.2 
4,378.6 
6,355. 7 

547,1 
849.6 
2,069.1 
2,909.8 

200.2 
467.2 
1.632.6 
3,411.5 

_ 

I 223.9 
398.4 
879.8 
1,504.4 

1.17 
1.S6 
2.27 


There was considerable variation in the number of aphids which 
developed upon the different progenies within each class, as shown 
in table 2. In every case, however, the mean infestation on the 
green class was higher than the mean on the comparable yellow 
class. The acceleration of aphid numbers was also much greater 
on the former than on the latter (fig, 1). 

Figure 1 sums up the differences in resistance between plants of the 
two foliage colors. ^Ul of the families dealt with mature at about the 
same time and, in the absence of aphids, produce satisfactory yields 
of peas. Owing to the absence of some factor in the green peas or the 
presence of some factor m the yellow peas, or vice versa, the aphids 
increased to lethal numbers on the green peas before they did in the 
yellow peas. These data indicate that in this instance the intensity 
of aphid population at which well developed plants were perma¬ 
nently wilted was about 3,000 aphids per plant. Eventually the 
yellow peas were destroyed also by an aphid population which ap¬ 
peared about as intense as that at which the green plants were 
destroyed, although no counts were made after September 18. This 
would indicate that the number of aphids which cause permanent 
wilting is about the same for both classes and that actual resistance 
rather than tolerance or avoidance is the cause of the slower accelera¬ 
tion of aphid numbers upon the yellow plants. The practical differ¬ 
ence in resistance between the two hybrid groups worked with might 
be expressed in this difference in time in which the two groups are 
destroyed. If there were so few aphids that the green peas could 
produce a satisfactory crop before being destroyed there would be 
no practical difference in the expression of resistance. If the infes¬ 
tation were so severe that the yellow plants were also destroyed 
before producing satisfactorily, there would again be no practical 
difference. When the intensity of aphid population is such that the 
green peas are destroyed while yellow peas produce a satisfactory 
crop under comparable conditions becaxise of the slower acceleration 
of aphid numbers, then there is a practical difference which may be 
expressed either in terms of relative acceleration of aphid numbers 
or in days elapsed between dates on which the critical intensity, of 
population is reached on the different groups. This difference may 
be attributed to some factor for resistance in the yeUow varieties. 
Figure 1 shows this difference. The acceleration of aphid numbers 
,on the yeiloW' plants was so much slower than on the green plants 
that many of the yellow families produced peas of canning size before 
they were destroyed, whereas none of the green families produced 
any^, usable peas. All of the green families had been destroyed 
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within a few days ^after the last infestation was determined. The 
yellow segregates lived several days longer. It is plainly evident 
that, with the same initial infestation, the aphids reached destruc¬ 
tive numbers on the green plants more quickly than on the yellow 
plants. 

Figure 1 also shows the acceleration of aphid numbers upon the 
check plants. Here it is quite obvious that the parent stock was 
even more susceptible than the segregates with apparently similarly 
colored foliage. The diflerence is not great, however. The green 
segregates were destroyed within a few days after the green parent. 

The difference in acceleration of aphid reproduction on the two 
classes is again shown in table 2. Here it is plain that in each instance 
the yellow plants were more resistant than the green, as is e^ddenced 
by the differences in the mean gain on comparable dates, the cumu¬ 
lative difference in the gain in numbers on the green as compared 
with the yellow, and the range of aphid number on one class as com¬ 
pared with that on the other. The critical ratio, as shown in the 
statistical treatment of the data (table 3), increased each time the 
counts were made. 


SUMMARY AND CONCLUSIONS 

The object of this study was to learn more about the observed 
resistance of certain varieties of canning peas to the pea aphid and 
the apparent relation between resistance to aphid attack and color 
of foliage. 

Three varieties of canning peas, Yellow Admiral, Onward, and. 
Perfection were hybridized with each other making all possible com¬ 
binations. Perfection, which is susceptible, has dark-green foliage 
while that of the resistant Yellow Admiral and Onward is a light 
green which closely approximates yellow. Yellow Admiral has a 
tall habit of growth. The other two varieties are dwarf. The 
offspring were classified in the F 2 as to height of vine and color of 
foliage. Color variation in the progenies was continuous and only 
those which were obviously either yellow or green were used in the 
subsequent tests. Third-generation families of the different classes 
were grown in solid blocks and artificially infested with aphids when 
abont 3 inches high. Four aphid counts were made from each class 
at 2-day intervals after the plants were in full bloom. These counts 
showed that classes with green foliage were susceptible and that those 
with yellow foliage were resistant in both classes of vine height. 
Fifth-generation dwarf families were tested as the third generation 
had been, except that each family was tested separately. -lUl the 
jmllow families in this test were resistant while the green families 
were susceptible. 

The tests have shown that, among the families examined, those 
with yellow foliage were resistant to the pea aphid while those with 
green" foliage were susceptible. Since this relation has held through 
succeeding generations, it,is assumed that resistance and suscepti¬ 
bility are inherited with the yellow and the green foliage color respec¬ 
tively. In every instance the plants were artificially mfestecl with 
the Wine number of aphids. ^ The ensuing aphid population is, 
therefore, an expression of ability to resist the attack of the insect 
rather than an instance of tolerance or avoidance. 




EARLINESS OP SEXUAL REPRODUCTION IN WHEAT AS 
INFLUENCED BY TEMPERATURE AND LIGHT IN RELA¬ 
TION TO GROWTH PHASES 1 


By H. H. McKinney, senior pathologist, and W. J. Sando, associate agronomist, 

Division of Cereal Crops and Diseases, Bureau of Plant Industry, United States 

Department of Agriculture 

INTRODUCTION 

This paper deals with temperature and the photoperiod in relation 
to growth phases, eaiiiness of sexual reproduction, and seasonal growth 
haWt of the common wheat plant. In addition data are presented 
on the effects of two types of electric light used to lengthen the nat¬ 
ural day in relation to the time of sexual reproduction and the number 
of seeds produced. 

Part of the data here presented support portions of a note {25) - and 
of a previous paper {27) by the writers. 

REVIEW OF LITERATURE 

So far as the writers are aware, Adams {2) was the first to point 
out the importance of temperature in relation to the daily photo¬ 
period in regulating the time of sexual reproduction in wheat. He 
claimed that these two factors are interchangeable. Wliile the 
results of liis tests suggest a compensatory relationship, they do not 
prove the point, since temperature was not varied concurrently with 
the length of the daily photoperiod. He obtained his different 
temperatures by conducting the tests during different periods of the 
year. The following year Adams {3) continued his study of temper¬ 
ature and the photoperiod, but he carried out no experiments with 
wheat that gave evidence on the interchangeable relationship between 
temperature and the photoperiod. 

Enomoto {9) conducted experiments that showed the importance 
of both temperature and the photoperiod in relation to earliness in 
wheat and barley. The writem (^5) presented brief data on temper- 
atoe and the photoperiod and indicated their compensating rela¬ 
tionship with respect to earliness in wheat. Maximov {31 ) indicated 
the same relationship with respect to wheat in a statement, but he 
presented no data. Hurd-Karrer {19) has shown the influence of 
temperature and the photoperiod on a spring w^heat and of the 
photoperiod on a winter wheat. Several workers have studied 
temperature (17, 21, 22) and the photoperiod {8, 10, 13, SO, 4S) 
independently in relation to the development of the wheat plant. 

The majority of the environmental studies that have been conducted 
under controlled conditions have been managed so as to maintain as 
nearly constant conditions as possible throughout all the growth 
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phases of the plant, little or no attention being given to special 
requirements of the plant at different stages of development. This 
is the orthodox method, and while it is reasonably^ satisfactory for 
the s‘tudy of certain types of plants such as the spring cereals, it is 
not satisfactory for many important studies on such plants as the 
winter cereals. 

The literature shows that the temperature relations of the growth 
phases in winter cereals, especiaUy the stimulating influence of low 
temperature during early germination on subsequent earliness in 
winter wheat, were recognized many years ago. However, this 
knowledge was not widely accepted, and it appears that these rela¬ 
tionships have been lost sight of and rediscovered several times 
since the first record. 

The writers {27) pointed out that Kdippart {28^ j). 757) knew before 
1857 that low temperatures applied to germinated seed induced winter 
wheat w^hen sown in the spring to mature and produce a good crop. 
Recently Martin ^ pointed out that this phenomenon was noted in 
winter wheat as early as 1837 by a ^ower in New York (7), but as 
irregular heading was reported by this growler it is apparent that the 
time of exposure to low temperatures was too short or that germina¬ 
tion was incomplete during the period of low temperatmes. In 1850 
Allen (4, p. 128) made a similar report in his book, but he thought 
germination unnecessary before dulling. He was not aw^are that 
^rmination had started in the soaked seeds held near freezing. 
Klippart^s report indicates that he bad a better understanding of 
the importance of germination and of the exposure time than did 
those before him, but he and those before him did not seem to under¬ 
stand that freezing temperatures are less effective {27) than tempera¬ 
tures slightly above the freezing point. Recently this and other 
methods of accelerating sexual reproduction have been designated 
in Russia by the term ^^iarovization’’, meaning vernalization, the 
English equivalent. Literature and experiments on this subject 
are dealt with in other papers (^, 26^ 28, 44)- 
HeUriegal {16), wmrl^g with barley advanced beyond the early 
germination stage, concluded that this plant has a lower optimum 
temperature during the tiller-formation phase than during the stem- 
elongation phase. Gassner {15), Maximov and Pojarkova {33), 
Pojarkova {37), and Papadakis {35) concluded from experimental 
data that eariiness in winter wheat is favored w^ben low temperatures 
obtain during the seedling stage and when higher temperatures obtain 
during the^ later stages of growth.- 

In studies on the photoperiod Wanser {43) concluded that the 
several growth phases of the plant have different length-of-day re¬ 
quirements. Rasumov {39) studied the influence of short days 
followed by long days, long days followed by short days, continued 
short days, and continued long days on earliness in millet, spring 
oats, and spring barley, and he conducted field plantings with spring 
wheats. No tests with winter wheat w^ere reported. With millet 
Rasumov found eariiness of sexual reproduction favored equally by 
the continued short day and' by 10 short days followed by 6 long 
days. His data on oats and barley show that the constant long days 

s lARomATiON IH FIELD PRACSUCK. U. S. Bept. Agf.,'But. Plant Mtis. 13 pp. 1934. 

iMimeofapM.1 

4 -- J. H. See footnote 3. 
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favored earliness. A test carried out by Hurd-Karrer (18) indicated 
that a short day followed by a long day favored early jointing in 
Turkey mnter wheat. The writers (25) presented preliminary data 
showing^ that early sexual reproduction in winter wheat is favored 
by an initial exposure to short days followed by long days. Maximov 
(Si) drew the same conclusion but presented no data. In a later 
paper summarizing work on temperature and the photoperiod, Jvlaxi- 
mov (82) erroneously stated that the writers (27) found that shorten¬ 
ing the day at the higher temperatures during the first week of growth 
made it possible for winter cereals to fruit the first year. The writers’ 
studies indicate that an exposure of but 1 week is too short to induce 
more than an exceedingly slight acceleration of earliness in the winter 
wheats studied. Forster et al. (10) conclude that an initial short day 
hastens maturity in winter wheats. 

In addition to the environmental studies made under controlled or 
semicontroUed conditions, there have been a number of studies based 
on date-of-seeding tests in the field, a few of which are cited (5, 
11 , 1124 , 36 ). 

METHODS AND TERMINOLOGY 

The experiments were conducted during the winter and spring 
seasons in culture chambers or in greenhouses, and some tests were 
conducted outdoors during the summer. The plants were grown in 
good soil in earthen pots 8 inches in diameter. Each pot supported 
two plants. Care was exercised in maintaining uniform soil moisture 
throughout a given test by frequent applications of water. 

In certain tests the seeds of Harvest Queen winter wheat were 
germinated and chilled at 26® to 32® F. in a dark mechanical refrig¬ 
erator for several weeks before planting, as indicated. 

Days longer than the natural day were obtained by means of 
electric lamps turned on at sunset. Except when otherwise stated, 
the electric source consisted of Mazda C tungsten lamps which gave 
an intensity ranging from 20 to 40-foot candles at the soil line. The 
length of the natural day was taken as from middawn to midtvdlight, 
an increase of 1}^ to 1% hours over a natural day length taken as from 
sunrise to sunset. Days longer than the natural day W’ere computed 
from middawn. The 8-hour day started at 8 a. m. and ended at 4 p. m. 

The initial growth phase of winter wheat, wliich, under cultural 
conditions, takes place in the autumn and vinter, has commonly been 
referred to as the rosette phase or as the resting or dormant stage. 
However, it has been pointed out that this is not always a true resting 
stage and that a resting or a dormant condition during early growtlx 
is not essential for sexual reproduction in vinter wheat (10, 22, 4^). 
These conclusions are borne out by the writers’ studies. In regions 
of very cold winters the plants are dormant during the winter period, 
but at Rosslyn, Va. (near Washington, D. C.), growth continues 
slowly throughout the winter except in an occasional jeor when 
there may be a short dormant period. In this paper this stage is 
referred to as the ‘deaf-and-internode-formation phase”, and the 
term is applied to winter and spring varieties. HelMegal (16) used 
a similar terminology for b^ley. The so-called jointing stage is 
designated the “stem-elongation phase.” 
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All data on earliness are based on the date when the tip of the head 
reached a point as high as the ligule of the flag leaf. Fertilization 
occurred 2 to 4 days after heading. 

Further details on methods are taken up throughout the paper under 
the soYeral experiments. 

EXPERIMENTAL RESULTS 

TEMPERATURE AND THE PHOTOPERIOD IN RELATION TO THE GROWTH PHASES 
AND SEXUAL REPRODUCTION 

During the winter of 1928-29 a test was conducted with Harvest 
Queeus a typical winter wheat. Plantings were made in a greenhouse 
with germinated seeds that had been held in a refrigerator for 67 
days at 30° to 35° F. Unchilled germinated seeds were planted as 
controls. Some of the plants were exposed to the natural day, which 
ranged from 11 hours at the beginning of the test to 15 hours at the 
end, and others to a long day, ranging from 16 to 17 hours. Mazda 
C tungsten lamps were used for supplementing the natural day. The 
temperature of the greenhouse was usually about 55° to 65° F., 
though on bright days the temperatures went higher.® 

Table 1 and figure 1 show that of the plants from the chilled seedlings, 
those under the long day headed first; of the plants from the unchilled 
seedling, those under the short day headed first; under both the long 
and the short day, the plants from the chilled seedlings headed 
earlier than the plants from the unchilled seedlings. This test shows 
the stimulating influence of low temperatures during early germina¬ 
tion, in the absence of light, on subsequent earliness of sexual repro¬ 
duction in long days with high temperatures. 

Table 1. —Period from 'planting to first heading in Harvest Queen, wheat as infiu^ 
enced bjj chilling in darkness during germination and by the length of the photon- 
period after chilling in comparison with plants from seed not chilled before planting 


[Seed was planted Dec. 18,1928] 


! 

Length of dmly photoperiod after planting 

I 

1 Germination tempera¬ 
ture 30° to 35° F. for 
67 days in darkness, 
followed by 55° to 65° 

Germination tempera¬ 
ture 70° F. for 4 days 
in darkness, followed 
j by 55° to 65° 

. 

Period from 
planting 
to heading 

Tillers per 
plant when 
intemodes i 
started to 
elongate 

Period frcmi 
planting 
to heading ! 

Tillers per 
plant when 
raternodes 
started to 
elongate 

Bmts 

11 to 15....' 

Days 

118 

66 

Number 
5.1 
2.9 : 

Days 

125 

12S 

Number 

12.2 

12.9 

16 to 17.. 1 



Since the length of day in the short-day series was 4 hours shorter 
during early ^owth than during later development, it seemed probable 
that mis initial short day was a factor in the earlier heading noted in 
the plants from the unchUled seedlings. The following winter this rela¬ 
tionship was studied further with Harvest Queen winter wheat and 
Purplestraw, a facultative wheat.® As stated in a note {25)^ a 7- 

t Tills stateiaent wss ioadverteatly omitted in a parevions publication (B7). 

• Tbe writers tia^e di»ii®ed tbe basis of distinction between spring, facultative, and winter varieties of 

wm«t in aaotber publication (£7). 
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to 8“lioiir day during the early development of the plant favored 
earliness slightly^ in Harvest Queen, but thds short day retarded 
heading sightly in Purplestraw. 

During the same winter another test was carried out with Harvest 
Queen wheat and with Marquis, a spring wheat. The seeds were 
germinated but not chilled before planting. Some of the plants of 



Figure l.— Harvest Queen winter-wheat plants: A and C, From g®:minated seeds chilled at 30° to 35° F. 
in the dark for 67 days; B and n, from seeds that were not chilled; H and B, grown with a daily photo^ 
period of ll to 15 hours; C and B, grown with a daily photoperiod of 16 to 17 hours. 


each variety were grown at low temperatures in plant-culture cham¬ 
bers during the first 54 days, and later they were given high growing 
temperatures in a greenhouse. Other plants of each variety were 
grown at high temperatures in a greenhouse throughout the test. 
Short, medium, and long days w^erQ maintained during the first 54 
days at the low and high temperatures (table 2). 
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Table 2 and figures 2 and 3 show that the longest days at the high 
temperatures from the beginning of growth induced the earliest heading 
in Marquis spring wheat (46 days) and the latest heading in Harvest 
Queen winter wheat (155 days). The shortest days at the low tem» 
peratures during the first 54 days induced the earliest heading in 




FicJUBE Z-Marq^ spring-wheat plants (table 2): A, B, and C, Grown in a greenhonse at temperatures 
neir <*0® to 75® F. and above; D, E, and JF, grown in a culture chamber near 51° for 36 days 


hours long for first 54 days; subsequent daily 
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Harvest Queen (88 days) and the latest heading in Marquis (88 
days). Fertihzation started 2 to 4 days after heading in both varie¬ 
ties. These results, like those of Garner and Allard (IS), indicate 
that Marquis spring wheat is a iong-day plant vith respect to earliness 
of sexual reproduction. 



Figuee 3.—Harvest Qneen winter-wbeat plants (table 2): B, and C, Grown in a greenhouse at tem¬ 
peratures averaging near 70“ to 75° F. and above; I>, and F, grown in a cultare chamber n®r 51° for 
36 days, followed by temperatures near 59° for 18 days, followed by 70° to 75° and highfer; A and B, with 
daily photoperiod 8 hours long for first 54 days; B and E, with daily photoperiods 12 to hours long 
for first 54 days; C and F, with daily photoperiods 16H to 173^1 hours long for first 54 days; subsequent 
dally pbotoperiods, ITSi to 19 hours. 

It is evident from the data and the illustrations that the short days 
and the low temperatures during early growth (the loaf-and-internode- 
formation phase), followed by the longer days and higher tempera¬ 
tures, favored the earliest sexual reproduction in the winter variety, 
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thus indicating that the early growth phase has different temperature 
and photoperiodic optima from those of the subsequent growth 
phases. 

Table 2.' —Heading time in Marquis spring wheat and Harvest Queen winter 
wheat as influenced by low and high growing temperatures and by shorty medium^ 
and long daily photoperiods during the first 54- days, after which all plants received 
high temperatures and long days as indicated 


[Seeds were soaked and germinated for 2 days before being planted Peb. 13, 1930] 


Variety and photoperiod ^ 

i 

Temperature, 51® P. for 36 
days; then 69® for 18 days; 

. subsequently 70° to 75° and 
above 

Temperature, 70° to 75° P, for 
54 days; subsequently 70® 
to 75° and above 

Period 
from 
soaking 
of seed to 
heading 

Tillers 
per plant 

Heads 
per plant 

Period 
from 
soaking 
ofseed to 
heading 

Tillers 
per- plant 

Heads 
per plant 

Marquis; 

Days 

Namber 

Number 

Days 

Number 

Number 

8 bours-.*.. 

88 

14.5 

8.0 

78 

8.5 

4.0 

12 to hours.. 

83 

8.5 

6.2 

76 

12.6 

4.0 

16H to 17^4 hours. 

65 

8.2 

7.2 

46 

4.5 

4.0 

Harv^t Queen; 







8 hours.-.. 

88 

17.7 

4.2 

2107 

19.2 

4.7 

12 to 143*4 hours. 

95 

22.6 

5.2 

3134 

21.2 

2.0 

16M to 17?4 hours. 

2 114 

22.6 

4.7 

3155 

22.5 

3.0 


1 After 54 days all daily photoreriods were maintained at 17^4 to 19 hours. 

2 Many of the tillers on these plants did not head, but this condition was less marked than in the plants 
designated in footnote 3. 

3 All plants were very vegetative and heading was slow, requiring 50 to 60 days for completion in the 
case of some plants. On Aug. 15 some plants still were producing tillers that were jointii^ and heading. 

It was not possible to include simultaneously a series of tempera¬ 
tures and photoperiods held constant or nearly so during the life 
cycle to serve as additional controls in this experiment. However, 
other tests have been carried out with Harvest Queen and similar 
winter wheats grown constantly near 60° F. and also at temperatures 
between 60° and 75° in constant long days and in constant short days. 
In all instances, more than 100 days to more than 200 days elapsed 
from planting to heading and fertifization. Tests of Hutcheson and 
Quantz (^7), Edages {22), and Hurd-Karrer (77, 19) also show that 
heading in winter wheat is relatively slow when the temperature re¬ 
quirements of the growth phases are disregarded. 

An ex|:)eriment was conducted with Harvest Queen winter wheat 
during midsummer with daily photoperiods of 8,15, 18, and 24 hours. 
Each photoperiod remained unchanged throughout the test. The 8- 
and 15-hour days comprised sunlight only, whereas the 18- and 24- 
hour days comprised sunlight for 15 hours and electric light from 
Mazda C tungsten lamps for the remainder of the photopeiiod. The 
seeds were soaked in water and germinated before planting, but they 
received no low temperatures. The plants given 18 and 24 hours of 
light daily headed 129 and 110 days, respectively, from the time the 
seeds were placed in water. No heads were produced by plants given 
8 and' 15 hours of light daily up to the time the test was terminated 
on November 11—178 days from the beginning of the test. 

r«ulte' by themselv^ would lead tx> the conclusion that 
'Winter wheat is a typical long-day plant with respect to early sexual 
teprodmction, as was concluded by Forster et al. {10) from similar 
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tests, and by Hurd-Karrer and Dickson {20) from tests {19) conducted 
in a cool greenhouse during the winter* However, in table 2 it will 
be noted that Harvest Queen headed in 88 days when the plants were 
grown with a daily photoperiod of 8 hours at low temperatures fol¬ 
lowed by long photoperiods at high temperatures. Thus heading 
was 22 days earlier with this treatment than it was when continuous 
light and high summer temperatures obtained from germination to 
heading. 

Under the conditions of Hiird-Karrer’s {19) test, flowering started 
in Turkey winter wheat 188, 165, and 132 days from planting when 
grown with daily photoperiods of 8, 9K to 15, and 17 hours, respec¬ 
tively, and with the temperature held at 12^±W C. throughout the 
test. With the same strain of Turkey the writers {27) found that 
flowering started 113 days from planting when moderately low tem¬ 
peratures and short days preceded higher temperatures and the long 
day. In later tests, this strain of Turkey started to flower 105 days 
after planting, when the temperatures and exposure periods were 
nearer their optima. Other varieties of winter wheat have been tested 
and found to head and flow^er sooner when suitable low temperatures 
and short days were followed by suitable high temperatures and long 
days. 

The results of more than 500 dissections of many varieties of winter 
and spring wheats indicate that the first signs of differentiation of the 
floral organs become evident soon after the last leaf primordium is 
differentiated, and that the internodes of the stem start their major 
elongation a little before or simultaneously with the differentiation of 
the floral organs. 

The number of leaves and stem internodes formed by a shoot in 
winter wheat as w^ell as in spring wheat {27) is influenced by tempera¬ 
ture and the photoperiod. Harvest Queen wheat has produced as few 
as 7 internodes ^ per shoot w^hen fully germinated seeds were first 
chilled for 67 days in darkness and subsequently growm with continu¬ 
ous light at summer temperatures. Heading started 33 days after 
the completion of the chilling process. As many as 22 internodes per 
shoot have been produced by this variety when the seed was not chilled 
and when the plants were growm in uninterrupted light at warm tem¬ 
peratures, and under these conditions heading started 110 days after 
planting. Similar results were obtained when a continuous 8-hour day 
and w'arm temperatures were mamtained from the beginning of ger¬ 
mination. In field culture Harvest Queen has been observed to form 
12 or 13 leaves and internodes on the primary stalk. When small 
numbers of internodes are formed most of them elongate, but when 
large numbers are formed many fail to elongate appreciably. The 
early cessation of the formation of leaf primordia in Harvest Queen 
wheat does not take place during the exposure to the low growing 
temperatures and short days, but during the subsequent exposure to 
the high temperatures and long days. 

To classify accurately varieties of wheat with respect to their 
earliest sexual reproduction in relation to temperature and photo- 
period it is necessary to determine the optimum temperatures and 

7 Only the internodes above the subcrown int^ode were included, and these wmt determined by count¬ 
ing thel»ves. 
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optiniiim pliotoperiods for the formation of a reduced number of stem- 
internode primordia, the early differentiation of the floral primordia, 
the rapid elongation of the internodes, and the rapid development of 
the floral organs and maturity. It seems reasonable to believe that 
ultimately a grapliic representation of the optimum, temperature 
and photoperiod characteristic of a given variety of winter wheat can 
be expressed in the form of more or less smooth gradient curves. How¬ 
ever, until more perfect methods are available, approximations must 
suffice. 

In view of the evidence based on present methods for approximating 
these optima, it seems justifiable to conclude that Harvest Queen, 
Turkey, and similar winter %vheats are not typical long-day plants 
with respect to their earliest sexual reproduction, but are VT'hat may 
be termed short-da}’—>long-day plants, and they may be considered 
as low-temperature-ihigh-temperature plants. This method of 
expression indicates that the temperature and the photoperiod must 
increase with the development of the plant in order to induce early 
sexual reproduction. A similar situation seems to apply to the faculta¬ 
tive varieties and to certain late varieties commonly placed in the 
spring group (37 but in these the initial optimum temperatures are 
higiiOT or the periods of exposure to low’ temperatures are shorter than 
is the case with the strictly winter varieties (^7). 

None of the above tests wuis planned for yield determinations. 
Howmver, tiller counts are recorded in tables 1 and 2 and head counts 
in table 2, Conditions favoring earliness favored a reduction in the 
number of tillers. Observations indicated that Marquis produced 
lai’ger and more completely filled heads wiicn the initial temperatures 
w’ere low. In Harvest Queen the plants receiving the initial low’ 
temperatures with the initial S-hour day produced an average of 75 
seeds per plant, and these plants W’ere similar to the average Harvest 
Queen plant ^rowii in the field. Although no seed counts w^ere made 
on the remaining Harvest Queen plants, it appeared from observations 
that the greatest number of seeds wms produced by the plants receiving 
the initial low’ temperatures with the medium length of day, and these 
plants w^ere considered to exceed the normal. The continuous high 
temperature and the initial long day at the initial low^ temperatures 
favored a large number of tillers in Harvest Queen, but the few heads 
produced were relatively small and poorly filled and the plants wmre 
decidedly abnormal in all respects in comparison with the field type. 

MISCELLANEOUS TESTS KELATING TO CHILLING OP SLIGHTLA’ GERMINATED SEED 
Darkness v. Light During Chilling Period 

An experiment wuis carried out to determine if darkness during the 
ciiilling treatment has any stimulating influence on subsequent earli¬ 
ness. Germinated seeds of Turkey winter wheat w-ere chilled for 61 
days at 3S^ F,^ Some of the seeds w^ere in total darkness and others 
received daylight. After chilling, growth continued outdoors at 
summer temperatures 'with a daily photoperiod of 17 to 18 hours. 
The plants from seed cliUled in daylight headed 47 days after planting, 
and those from seed cl^ed in darkness headed in 49 days. From 
these results it seems evident that the low temperature is the stimulat¬ 
ing agent for subsequent early heading. 
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Importance of Moisture and Germination During Chilling Period 

An experiment was carried out with dry and with moist imgernii- 
nated seedsj with seeds that w'ere geimiinated and then dried and with 
seeds that w^ere germinated and kept moist during the process of chill¬ 
ing. All seeds were chilled for 65 days near 34^ F. After being cliilled 
the seeds were planted with an uncMUed control at temperatures near 
70° to 75° and photoperiods that ranged from 16 to 18 hours. 

Plants from dry seeds, \vhether germinated or not, and from un- 
chilled seeds had produced no heads when the test was discontinued 
150 days after planting. Plants from seeds that were germinated and 
kept moist during the chilling process headed in 45 days. The plu¬ 
mules and radicles of seeds kept moist but not germinated before the 
beginning of the chilhng process were showing slight activity at the 
end of the chiUing treatment. Plants from these seeds started to head 
in 135 days, but heading was irregular. 

Stage of Development of the Seed 

A test was carried out with Harvest Queen seed in the soft-dough 
stage and in the hard-dough stage and Avith completely ripened seed 1 
year old, to determine whether low^ temperatures during germination 
stimulate subsequent early heading in plants from seeds in the soft- 
dough and in the hard-dough stage. AJl seeds were first germinated 
at 60° F. and then chilled near freezing for 72 days. After chilling, 
growth continued at 68° to 90° with a daily photoperiod of 16 to 17 J 2 
hours. Plants from seed in the soft-dough stage headed in 43 days, 
those from seed in the hard-dough stage headed in 45 days, and those 
from the old seed headed 43 days from the date of planting, thus show¬ 
ing that seed in the soft-dough and hard-dough stages reacts efficiently 
to the chilhng treatment. This permits a more rapid increase of 
winter-wheat populations in genetic work. 

Earliness and Tiller Reduction 

When germinated seeds have been chilled sufficiently, several tillers 
ultimately joint and produce Beads relatively quickly at suitable tem¬ 
peratures and day lengths, thus indicating that the fimction altered 
by the low temperature is not confined entirely to the plumule (pri¬ 
mary shoot). 

It W'as thought that the effects of chilhng on early stem elongation 
and heading at high temperatures might be due directly to the reduc¬ 
tion in the number of tillers, which is correlated with the early head¬ 
ing of plants from chilled seedlings. If this were true, another 
method of reducing tillers might accelerate stem elongation and head¬ 
ing. To test this theory, several Harvest Queen plants from unchilled 
seedlings were grown outdoors during the summer of 1931. Some of 
these plants wwe alloAA^ed to grow" in the usual manner, whereas others 
were not allowed to produce 'more than one shoot each, aH extra 
shoots being cut from the plants as soon as observed. The single 
shoots developed very long, wide dark-green leaves and very large 
stems, in comparison with the nnpruned plants. How"ever, the fact 
that pruning did not stimulate early heading indicates that the re¬ 
duced tillering in plants from chiUed seedlings is not the direct cause 
of early heading. 
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Localization of the Region of the Functional Changes Induced by Low 

Temperatuees 

In an attempt to localize the region in which the functional changes 
occur at low temperatures, seeds of Kanred winter wheat were ger¬ 
minated until the roots were 2 mm long; the roots and plumules 
were then cut off before the initiation of the chiOing process, care 
being taken to remove the tips and as much of these organs as possi¬ 
ble without total destruction of the embryo. These and unmutilated 
seedlings were chilled near freezing in the dark for 65 days. At the 
completion of the process the seedhngs were given continuous light at 
70° to 80° F. All the mutilated seedlings headed at the same time 
as the unmutilated controls. It is evident, therefore, that the active 
region in question is not confined to the ajiical regions of the seminal 
roots, the coleoptile, or the first leaf. It is also apparent that this 
active region is not confined to the endosperm, because under field 
conditions at the Arlington Farm the endosperm frequently is com¬ 
pletely absorbed in early autumn before the onset of cold weather, 
and under these conditions the winter wheat plants mature normally 
the following summer. 

INFLUE.N’CE OF INTENSITY OF LIGHT FROM TUNGSTEN LAMP 

Since the Mazda tungsten lamp is commonly used for lengthening 
the natural day, a test was conducted to determine the influence of 
intensity of this artificial source of light during the winter and spring 
months, hlarquis, Siberian No. 1, and Romanov spring wheats were 
used. Each variety was grown in earthen pots 8 inches in diameter, 
each pot containing two plants. The pots were placed in 3 parallel 
rows 12 feet long on a bench in a small glasshouse, pots containing 
plants of the same variety being placed in the same row. 

Two 150-watt Mazda C tungsten lamps in a l|rge reflector were 
placed at one end of the bench but not directly over the first pots. 
The plants farthest from the lamps, therefore, received less light at 
night than those nearest the lamps. The lamps were turned on at 
sundown and off at sunrise each day during the test, after which day- 
fight only was provided, giving the plants a continuous exposure to 
%ht. 

The intensity of the light from the lamps was determiued during 
the night at three distances above each pot in the center row, as in¬ 
dicated in table 3. The test plate of a Macbeth illuminometer was 
held at right angles to the shortest distance between the light source 
and the center of the plate. Owing to the shape of the lamp reflector 
and to shadows from intervening plants, the intensities reduced more 
rapidly than is provided for m the inverse-square-distance law. 

Care was exercised in maintaining a uniform temperature near 70° 
P. throughout the experiment by means of oscillating fans. As spring 
^vanced there was a rise in temperature outdoom, but the uniform¬ 
ity of the temperature was maintained throughout the greenhouse. 
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Table 3. —Influence of intensity of Mazda C tungsten lamps on 3 mrieties of 
wheat when grown near 70° F. during the short days of winter^ the tungsie7i source 
being used from sunset to sunrise, making continuous illumination 


[Test started Dee. 8, 1931] 


Pot no. 

Intensity of lamps at 
indicated heights 
above soil line over 
each pot in center row 

Heading time 

Culms per plant 

Average final height 
of plants 


4 

inches ^ 

IS 

inches 2 

28 

inches 3 

Sibe¬ 
rian 
No. 1 

IVIar- 

quis 

Roma¬ 

nov 

Sibe¬ 
rian 
No. 1 

IMar- 

quis 

Roma¬ 

nov 

Sibe¬ 
rian 
No. 1 

Mar¬ 

quis 

Roma¬ 

nov 


Foot- 

candles 

Foot- 

candles 

Foot- 

candles 

Bays 

Days 

Days 

Num¬ 

ber 

Num¬ 

ber 

Num¬ 

ber 

Inches 

Inches 

Inches 

1.' 

76.3 

100.0 

272.5 

39 

48 

50 

3 

8 

6 

20 

26 

31 

‘3! 

56.7 

63.0 

93.7 

42 

51 

50 

4 

14 

12 

22 

28 

31 

3. 

38.1 

25.0 

38.1 

43 

51 

51 

5 

10 

9 

21 

26 

31 

4.1 

25.1 

12.0 

22.9 

42 

51 

52 

5 

11 

7 

21 

27 

31 

5.! 

20.0 

9.0 

15.3 

43 

53 

53 

4 

10 

9 

23 

23 

34 

6.j 

8.7 

5.0 

7.0 

45 

52 

56 

5 

9 

12 

17 

28 

29 

7.i 

' 6.8 

4.3 i 

1 5.4 

45 

53 : 

i 53 i 

; ^' 

10 

! 12 

19 ^ 

i 28 1 

37 


5.8 

1 2.0 1 

^ 4,0 ! 

SO 

63 

i 63 i 

1 6 

IS 

I 11 i 

22 ‘ 

' 28 i 

37 


4.5 


3.4 ! 

50 

! 64 

! 64 ! 

1 s i 

11 

i 12 1 

27 ' 

25 i 

39 

10. i 

3.6 


2.8 1 

52 

' 69 

: 69 i 

i 9 

8 

i ® 

; 21 I 

I 31 i 

42 

11. 

3.1 


- 2.4 ! 

59 

f 75 

1 76 

1 16 

! 10 


27 

1 32 ; 

43 

12. 

2.5 i 

.5 

; 2.0 i 

69 

1 

1 91 

i 14 

1 " 

10; 

i ' 

34 

1 33 

! '' 


1 When this reading was made the plants did not cast a shadow on adjacent plants. 

2 When this reading was made the plants ranged from 20 to 28 inches tall, and the test plate was shaded 
by adjacent plants except in the case of the first plant in the row. 

3 When this reading was made the test plate was not shaded-by adjacent plants. 

The data in table 3 show that earliness was favored by the more 
intense light. In general, the differences in response of the plants 
became most evident when the light intensity at 28 inches above the 
soil line during the night period reached two foot-candles and less. 
Siberian No. 1 produced the least number of tillers near the lamps 
and the greatest number when at the greatest distance from the 
lamps. Tillering in the other varieties did not vary appreciably as 
the light intensity was varied. The final height of the plants was 
greatest in plants farthest from the lamps. Romanov, with slight 
exceptions, showed the most consistent gradual increase in height as 
the light intensity was reduced. 

Leaf and straw sizes were greatest when the supplementing light 
intensity was reduced. The leaves averaged five-sixteenths of an inch 
wide by 11 inches long near the lamps and one-half of an inch wide 
by 18 inches long farthest from the lamps. The largest nodes on 
plants near the lamps averaged 0.107 inch in diameter, whereas those 
of plants growing farthest from the lamps averaged 0.175 inch in 
diameter. 

Romanov and Marquis heads did not fill well, whereas Siberian No. 
. 1 filled well in all intensities of light. Many heads on Marquis plants 
contained but two or tliree kernels. 

The most rapid stem elongation occurred in the plants that were 
first to head (fig. 4), but the plants that headed last continued their 
growth for a longer period and at maturity were much taller than 
the ones that headed first (table 3). 
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Altliough tlie intensity of the supplementing light influences 
earliness and other responses of the plant, the data presented indi¬ 
cate that changes did not become marked until the light intensity 
had changed to a relatively great extent. Tliis is borne out also 
in Garner and Allard^s (12] and Shirley’s (f.!) studies with several 
species, and in Hurd-Karrer and Dickson’s (20) studies with wheat. 

The Mazda C tungsten lamp was compared with summer sunlight 
in a test with Marquis spring wheat. This variety was growm with a 
daily photoperiod of 15 hours outdoors during midsummer. One 
series received direct sunlight alone and another received 8 hours of 
direct sunlight supplemented by 7 hours of light from a Alazda G 
tungsten lamp delivering 8 to 10 foot-candles at the soil line. 

Plants receiving full sunlight produced 14.2 tillers per plant and 
headed in 50 days, whereas those receiving both sunlight and electric 
light produced only 7.3 tillers per plant and headed in 46 days. 

It seems likely that a reduction in the light intensity during part of 
the day, as wel as the spectrum characteristic of the IMazda C tung¬ 
sten lamp, caused the rapid completion of the vegetative period and 
sexual reproduction in tliis test. This lamp is especially strong in the 
yellow, orange, red, and infrared (7). Yellowq orange, and red have 
been reported to favor rapid development in certain plants (31^^ SS). 

The retarding influence of bright sunlight on plant grow'th has been 
observed by others ( 40 , )• the wuiters’ tests, reducing summer 

sunlight to 41.3 percent reduced the heading time in jMarquis to 50 
days as compared with 55 days in unobstructed sunlight. Reducing 
the light to 27.9 percent increased the heading time to 58 days, and 
no heading took place when the intensity was reduced to 11.5 percent. 
The stems elongated most slowiy in unobstructed sunlight, but the 
heads w^ere more numerous and better filled than in the shaded series. 
Temperatures were equalized by means of fans. 

COMPARISONS BETWEEN TUNGSTEN LAMP AND COOPER-HEWITT WORK 

LAMP 

Tests w^ere carried out for the purpose of coinparmg clear Mazda C 
tungsten lamps with a Cooper-Hewitt mercury-arc lamp having a 
lead-glass tube 50 inches long, as sources of light for lengthening the 
autumn and winter days. 

The hlazda C lamp, as stated above, is especially strong in the 
infrared, red, and yellow', wiiereas the Cooper-Hewitt lamp emits 
yellow', green, blue, and violet, the red and orange being absent. 
The foot-candle intensities of the lamps were determined by means 
of the IMacbetli illuniinometer. Special screens w'ere used in the 
illiimmometer to procure this information for the Cooper-Hewitt 
lamp. Of the two factors (0.2 and 0.5) recommended for computing 
the foot-candle intensity of the Cooper-Hewitt lamp, the former w^as 
used. Tw'o tungsten bulbs w'ere used in wliite reflectors in order to 
obtain a uniformity of light distribution approaching that of the 
Cooper-Hewitt lamp. The plants received 8 hours sunlight and 8 
hours artificial light daily. Temperatures ranged from 68^ to 77"^ P. 

hlarquis spring wReat and Harvest Queen winter w'heat served 
as test plants. Both chilled and imcliilled seeds of Harvest Queen 
were used. 
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Ficpee 5,—^ and Marquis spring wheat; B and D, Harvest Queen winter wheal from chilled seeds, 
and B, grown wuth 8 hours of daylight and 8 hours of light from the Cooper-Hewitt mercury-axc lead- 
glass'tube lamp dally; C and i>, grown with 8 hours of daylight and 8 hours of light from the Mazda C 
tungsten lamp daily. 

It will be noted in table 4 and figure 5 that the tungsten source bad 
a greater accelerating influence on the time of beading than did tbe 
Coo|>er-H6witt lamp^ but more tillers were produced under tbe Cooper- 
Hewitt lamp. Seed yields were not obtained, as mice destroyed some 
of tba beads, but observations indicated tbat more beads and more 
per bead were produced in the plants grown under tbe Cooper- 
Hewitt lamp. 
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“ Mason (29), working mth the date palni^ observed that the Mazda 
lamp favored the pushing of the leaves from the growth center^ 
whereas the Cooper-Hewitt lamp had an inhibiting influence. 

Table 4. —Period from 'planting to heading as influenced hj the Mazda C tungsten 
lamp and the Cooper-Hewitt mercury-arc lamp 'with lead-glass iiibe, when used 
to supplement sunlight ^ 

[Planted Sept. 19, 1930] 


i WazdaC 
j tungsten 

Variety and treatment of germinated seed ■ lamp (4*1,7 

j foot- 
i candles) 


Cooper- 
Hewitt 
lamp (69.7 
foot- 
candles) 


Marquis: Daps Daps 

Seed not chilled-..........! 50! SI 

Harvest Queen: i | 

Seed chilled for 55 days.......—...1 50 85 

Seed not chilled.....I (0 (2) 


5 Lamps operated 8 hours before sunrise, followed by sunlight alone for 8 hours. Temperatures ranged 
from 68° to 77° F. 

2 There was no sign of stem elongation at the end of 90 days. 

Seed yields were obtained in another test, however. Marquis 
spring wheat and five varieties of winter wheat from chilled seedlings 
were grown in a greenhouse near 70° to 75° F. during late autumn and 
vinter. For the first 36 days the natural photoperiod of about 11 
hours was maintained. After this period uninterrupted light was 
provided. In one-half of the series, daylight was supplemented with 
artificial light from the Cooper-Hewitt work lamp; m the other half, 
Mazda C tungsten lamps were the supplementary source.^ The 
lamps were turned on at sunset and off at sunrise. The light inten¬ 
sities in both tests were maintained as nearly as possible at 60 foot- 
candles at a i)oint midway between the soil and the top of the plant. 

In table 5 it will be observed that when the Cooper-Hewitt lamp 
was used the seed yield was increased in aU varieties except White 
Winter. The White Winter plants wmre less uniform in their growth 
than the other varieties, and this may account for their response. 
There were not many plants in the winter varieties, but there was a 
reasonably large number in Marquis. 

Table 5.- —Seed production as influenced hy the Mazda C tungsten lamp and hy 
the Cooper-Hemitt mercury-vapor lamp with lead-glass tube^ 

[Seeds were planted Oct. 13,1931] 


Variety 

Plants under— 

Heads produced under— 

Sec<fe per head produced 
under— 

Mazda C 
tungsten 
lamp 

Cooper- 

Hewitt 

lamp 

... 

jMazda C 
tungsten 
lamp 

Coopei> 

Hewitt 

lamp 

Mazda C 
tungsten 
lamp 

Cooper- 

Hewitt 

lamp 


Number 

Number 

Number 

Number 

Number 

Number 

Harvest Queen.. 

2 

2 

10 

7 

10.9 

18.8 

Crimean. 

2 

2 

10 

S 

9.6 

lFi.5 

Minhardi. 

2 

2 

8 

7 

15.7 

19.4 

White Winter..' 

j 2 

2 ' 

11 

1 10 

13.7, 

10.9 

Sol..... 

i 2 

o 

7 

i 10 : 

5.29 

13.5 

Marquis.... 

j 20 

20 

2S 

1 29, 

1.35 

2.93 


2 During the first 35 days tbe natural photoperiod obtained, after which unintermpted illumination was 
provided, the augmenting sources operating from sunset to sunrise. 

34114--35-5 
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The following uhnter another test was carried out with Fi plants 
from winter-wheat crosses. The germinated chilled seeds were 
planted in the greenhouse. The temperatures w^ere about 70*^ to 
75 ® F. and the daily photoperiod was about 16 hours, Mazda C 
tungsten lamps were used after sunset. This photoperiod wms 
maintained until the flag leaves appeared, when the series w^as divided 
into two groups of 16 plants each. Each group contained exactly 
• the same progenies, and the plants were selected for uniformity of 
development. One group was placed under tungsten lamps and' the 
other under the Cooper-Hewitt lamp combined with tungsten lamps. 
The light intensities in this test were maintained as nearly as possible 
at 120 foot-candles at a point midway between the soil and the top 
of the plant. The plants received full daylight. The lamps were 
turned on at sunset and off at sunrise. 

Seed counts w’ere made on the primary head of each plant. The 
16 primary heads under the Cooper-Hewitt and Mazda C lamp com¬ 
bination produced 314 seeds, and the 16 primary heads under the 
Mazda C lamps produced only 216 seeds. The number of seeds per 
head ranged from 16 to 22 under the combined lamps and from 10 
to 17 under the Mazda C lamps. 

Very poor seed sets have been obtained w^hen wheat plants begin to 
head in December and early January. Even when the day wms 
lengthened artificially, the heads wmre frequently poorly developed 
and fertilization usually was not normal. Tests carried out in reduced 
sunlight in midsummer give similar results, thus indicating that the 
low’ intensity of daylight may be the chief cause of the poor heads in 
midwinter. All evidence seems to indicate that the success of a long 
da}" in which artificial light is used depends to a large extent on the 
amount of sunlight available. 

CONCLUSIONS AND SUMMARY 

Sexual reproduction in the spring wheats and in the winter wheats 
is not dependent on a critical temperature or a critical photoperiod, 
as tliis process occurs over veiy wide ranges of these factors. How^- 
ever, the time when sexual reproduction occurs is greatly influenced 
by the temperature and the photoperiod. 

The proper classification of wheat varieties with respect to their 
temperature and photoperiodic characteristics for the earliest sexual 
reproduction is dependent on methods that make it possible to deter¬ 
mine the optimum conditions of temperature and the photoperiod 
for the rapid completion of each growhh phase, from the beginning 
of growth through sexual reproduction. 

Spring wheats such as Marquis and earlier varieties complete their 
life cycle quickly when given a long day and temperatures at 70® F. 
or above throughout the life cycle, and therefore are considered to be 
typical long-day high-temperature plants. On the other hand, 
Han^est Queen, Turkey, and other varieties of winter wheat complete 
their life cycle most rapidly when giv-en a short day and low’ tempera¬ 
tures during the early stages of growth and a long day and high 
temperatures during the later stages of development. 

In the light of these relationships the waiters conclude that winter 
wheats are not typical long-day plants but are what may be termed 
sliort-day“->long-4ay plants and low-temperature->high-temperature 
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plants. Tills method of expression indicates that the temperature and 
the length of the photoperiod must increase with the deyelopment 
of the plant in order to induce early sexual reproduction. 

Temperatures and photoperiods favoring earliness in the -^vinter 
and spring wheats favor the formation of a reduced number of 
internodes and leaves by each tiller. The formation of the stem 
internodes and leaves stops and the major elongation of the stem 
begins at about the time that floral differentiation becomes evident. 

When the Mazda C tungsten lamp was used to lengthen the day, 
Marquis headed sooner than when the same photoperiod consisted of 
sunlight alone. Heading vras earlier under the Alazda lamp than 
under the Cooper-Hewdtt lamp w^hen these light sources were used 
to lengthen the winter day. 

In 5 of the 6 varieties tested the number of seeds was greater when 
the winter day w-as lengthened by means of the Cooper-Hewitt lamp 
alone, or w^hen in combination with the Mazda lamp, than wiien the 
Mazda lamps were used alone for supplementing daylight. It 
appears that a combination of these lamps may be better "for certain 
studies than the Mazda lamp alone for lengthening the natural day. 
The Mazda lamp stimulated earliness at the sacrifice of vegetation and 
seed yield, and the Ccoper-Hewitt lamp apparently offset this by 
increasing vegetation and the yield of seed. 

Eaiiiness and other characteristics of the W'heat plant are influenced 
by the intensity of the light, and wiiile this influence is less than 
that of the daily photoperiod so far as concerns earliness of sexual 
reproduction, it is sufficient to wnrrant attention in experimental 
wmrk, 
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THE ANATOMY AND HISTOLOGY OF THE TRANSITION 
REGION OF TRAGOPOGON PORRIFOLIUS ^ 

By Leox Havis 

Assistant in horticulture, Ohio Agricultural Experiment Siaiion 

INTRODUCTION 

Salsify (Tragopogon porrijolius L.) is a biennial plant belonging to 
one of the most specialized groups of the Compositae. During the 
first year of growth it produces a fleshy primary root^ a fleshy hypo- 
cot}^, and a very short stem. In its second year a flower stalk is 
developed from the stem wdiich extends to a height of 2 to 3 feet and 
bears disks of purple flow'ers. The seedling has linear, lanceolate, 
sessile cotyledons, winch carry on photosynthesis. The fruit (com¬ 
monly called the seed) is a linear achene about 1 cm in length. 

REVIEW OF LITERATURE 

A search of the literature failed to reveal any reports dealing with 
the anatomy of the transition region of salsify. Van Tieghem {&) “ 
ill 1870 described very briefly the transition in a few plants of the 
Compositae, and Gerard (3) in 1881 reported the results of studies 
on the seedling anatomy of two members of the Compositae. One of 
these, Carthamus iinctorius, is very similar in its type of transition 
to Tragopogon porrifolius in most details mentioned relative to the 
root and lower hypocotyl. Vuillemin (S) reported studies with the 
stems of some of the composites and included very brief notes on 
the transition phenomena. Dangeard (2) made very general obser¬ 
vations on types of transition and based the results of his final classi¬ 
fication on the number of primary xylem groups in the root. Van 
Tieghem (7, p. 782) defined three general types of transition from 
root to stem. Compton (1 ) described several ty'pes of syncotyly in 
the Compositae. His study was made from an evolutionary \iew’- 
point. Hill and De Fraine (4) investigated seedling structure from 
twm general aspects—phylogenv and phvsiologv. Thev state {4, p. 
262); 

The existence of an intermediate type between diarchy and tetrarchy has been 
demonstrated in certain plants, e. g. Liriodendron iulipifera^ Clematis Hendersonii^ 
and some of the Composites; in these, lateral bundles of the cotyledons enter the 
hypocotyl and attempt to form the intereotyledonary poles of a tetrarch root. 

Lee (o) reported very briefly Ms work on the seedling anatomy of 
a large number of plants belonging to the Compositae. Of these 
oiAjIleUopsis laeris (seedling A), Centaurea macrocephala, and Trago¬ 
pogon dubius seem at all similar to salsify. However, in Lee's article, 
as \Yell as in most of the others cited, very little detail is given, and 
one cannot be certain as to the amount of similarity in structure. 
The present paper presents the results of a study of the anatomical 
and histological changes that take place in the transition region of 
salsify. 

1 Received for publiciition Alay 0, 1935; Issued December 1935. 

2 Reference Is made by number (italic; to Literature Cited, p. 654. 
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MATERIAL AND METHODS 

Tiie Alaiimiotli Sandwich Island variety of salsify was used for this 
study. The plants were grown in the greenhouses of the Ohio State 
University during the smimier and fall of 1934. Seedlings of various 
ages were'^used, but those 6 to 8 days old proved to be the best material 
for a detailed study of the root-stem transition. At this stage all the 
primary tissues were differentiated but no secondary thickening was 
present. 

The specimens wnre fixed in formol acetic alcohol, dehydrated 
according to the usual method, run through chloroform, and embedded 
in paraffin. Serial transverse and longitudinal sections were cut lOji 
to 15 m in thickness, mounted serially, and stained in most cases with 
safranine and fast green. 

GROSS MORPHOLOGY OF YOUNG SEEDLING 

The first indication of germination is the bursting of the seed coat 
and the hard outer covering (composed of carpel wall and receptacle) 
at the base of the achene, by the elongation of the hypocotyl and 
growth of the radicle. The elongation of the inverted V-shaped 
hypocotyl brings the cotyledons, which are still enclosed by the fruit 
coat, out of the ground. In about a day the hypocotyl straightens, 
and the plantlet assumes a vertical position. The walls of the achene 
and seed coat usually remain, partly enclosing the grow’ing cotyledons 
for a day or twm, then are shed completely. In the greenhouse at a 
temperature of 60° to 70° F. this enthe process requires from 5 to 
6 days. The cotyledons are parallel-veined and sessile. At them 
base they are undiverged, thus forming a tube surrounding the 
epicotyl, but are separate at almost a centimeter above the cotyle¬ 
donary node. The epicotyl grow’s very slowly at first, and several 
days elapse before elongation takes place. 

ANATOMY OP THE YOUNG PRIMARY ROOT 

The primary xylem of the salsify root is diarch; no exceptions to 
this were found- As is usual in roots, the xylem and phloem are 
radially arranged in the pro tost ele (fig. 1). Within about 7 days 
after the seed is planted the primary body is differentiated. There 
are 6 to 10 cells in each protoxylem group abaxially arranged with 
respect to the 10 to 15 central metaxylem elements. These vessels 
are spirally thickened both in root and hypocotyl. Several layers of 
parenchymatous cells, one of which wffil form the primary cambium, 
separate the primary phloem from the diarch xylem. The primary 
phloem is composed of sieve tubes, companion cells, and phloem 
parenchyma. 

The pericyele is composed of one layer of rather irregularly shaped 
pjirencliymatoiis cells. It surrounds the primary phloem in a con¬ 
tinuous sheath and abuts the protoxylem points. The cells are 
longer vertically than in their radial diameter. Lateral roots origi¬ 
nate from, the pericyele opposite the protoxylem points in all cases 
noted. The Casparian thickenings of the endodermis are fairly 
conspicuous, making this tissue readily recognizable. The cortex 
is composed of parenchymatous cells 10 to 12 layers in thickness. 
They are loosely arranged and irregular in shape. Intercellular 
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spaces are comparatively large in this tissue. The epidermis is one 
layer thick in the young root. The cells are very much greater in 
their vertical than in their radial dimension. The epidermis is the 
first tissue to differentiate out of the pronieristem; followed closely 
by the cortex. No fibers are associated with the root or the hypo- 
cotyledonary bundles in the primary body. 

THE TBANSITION REGION 

The word ^^hypocotyP' as used in this paper refers to that mor¬ 
phological part of the plant between the cotyledonary node and the 
root. The hypocotyl ma^^ be easity located in many seedlings. Its 



Figure 1 .—Transverse section of young primary root; px, protoxylem; tiix, metaxylem; p/i, pMoem, per, 
perieycle; end^ endodermis; cor, cortex. 


upper extremity is characterized by the divergence of the cotyledons. 
Its lower approximate terminus may usually be distinguished by 
the definite constriction which characterizes the beginning of the 
root structure. This is true in the case of the plant here described. 
The hypocotyl is not necessarfiy accompanied by anatomical changes 
throughout its entire length. 

The term “transition region^’, as here used, refers only to that 
portion of the plant in which definite anatomical and histological 
changes take place in the reorientation of structures between root 
and stem. In many plants which possess a fleshly hypocotyl the 
transition region is located only in the upper portion of the hypocotyl. 
In the salsify the transition region is located entirely in the hypocotyl, 
although it includes only approximately the upper half of it, the 
lower portion being rootlike in anatomical structure. 

The various changes occurring in the transition from root to stem 
stnictiire of the primary body are given below, beginning with the 
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root and continuing through the hypocotyl to the base of the coty¬ 
ledons where the transition is complete. The lower portion of the 
hypocotyl is diarch and rootlike in structure. Four primary xylem 
groups are present in the upper portion of the hypocotyh The 
two primary xylem groups found in the root are continuous through 



riouEE 2.“I)mgrammatin representation of vascular arrangement in transition region: c, Diarcli xylem of 
lower region; p, primary phloem; a, 6, cotyledonary bundles; x, 2 ?, lateral bundles; 11 - 2 , divergences 

of X and f respectively. 

the whole length of the hypocotyl and diverge in their entirety into 
the cotyledons, making up, respectively, the midribs of each of the 
two .sessile cotyledons. They are al'ways on the same side as the 
cotyledons into which they diverge (fig. 2, a and b) and will hereafter 
'referred to as cotyledonary bundles. 
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Two bundles^ in addition to the aboYe-mentioned ones, arise in 
the hypocotyl. They are differentiated slightly later than the 
cotyledonary ones. In the upper portion of the hypocotyl these 
bundles are located laterally and at right angles with respect to the 
cotyledonary ones; hence they will hereafter be referred to as lateral 
bundles (fig. 2, x and y). 

Some variation occurs in the origin of the lower portion of the 
lateral bundles in different individuals. In most instances the bundles 
are formed, in the lower transition region, from metaxylem which is 
continuous with that of the primary root (fig. 3). In some plants, 
however, the xyleni is not continuous vith the root, but originates 
at a higher level. In such cases pith cells separate the lower ends of 
the tracheae from those of the cotyledonary bundles and the lateral 



Figure ^.—Section through lower transition region showing origin of lateral bundles from metaxylem: 
I, Xylem of lateral bundles: p, pith. 


bundles are differentiated directlj-^ out of the pith tissue which sepa¬ 
rates the two cotyledonary bundles. When tliis occurs, the primary 
xylem of the lateral bundles has no direct vascular connection with 
that of the diarch root. The primary phloem of aU the bundles is 
continuous, however. There are also intermediate stages between 
these two situations. The metaxylem of the lower hypocotyl is sonie- 
tiines continuoiis with that of the lateral bundles in a few strands 
only, with many pith cells interspersed among them. In other 
instances there are only a few pith cells, in which case several vessels 
of the lateral bundles are continuous with those of the low^er hypocotyl 
and root. 

At a slightly higher level the primary xylem of each of the cotyle¬ 
donary bundles is farther apart, and pith is laid down between these 
two groups and thus also between xylem of the lateral bundles differ¬ 
entiating between them (fig. 4). More metaxylem is then differen- 
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tiated in this central mass, and finally two distinct groups appear., 
This xylem, at the level here described, is neither exarch nor endarch 
but forms the primary xylem of two transition bundles (fig. 5). In 
fact, these lateral bundles are never exarch or radial during their 
ontogeny. They are in a transition stage at the distal region from 
the cotyledonary node, and endarch collateral bundles in the upper 
portion of the hypocotyl. At first considerable parenchyma occurs 
between the xylem ana phloem, but the xylem is laid down nearer 
and nearer to the phloem, until definite collateral bundles are organ¬ 
ized. At this level there is no change in the exarch arrangement of 
the xylem in the cotyledonary bundles and they are still radial with 



Figure 4.— Transverse section through lower transition zone. Note origin of lateral bundles (/) from 
metaxylem between cotyledonary bundles and also subepiderniis {mb epi). 


respect to the phloem. The pericycle is sometimes composed of two 
layers of cells opposite the protoxylem points at this position. Lateral 
roots originate from the pericycle opposite these points. The endo* 
dermis is structurally the same here as in the root. There are a few 
more layers of cortical cells, however. Two la^^ers of epidermal cells 
begin to appear. Both layers are composed of large cells (fig. 5). 
The outer one, at its lower extremity, gives rise to numerous root 
haii-s. 

Farther up the hypocot 3 d the four bundles become more radially 
symmetrical, ’with a pith composed of loosely arranged parenchyma- 
.tons cells. Within about 1 mm from the basal origin of the lateral 
bundles, all four of them are equally distributed at 90-degree intervals 
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from each other as one views them in transverse section. The lateral 
xylem groups are here collaterally arranged with respect to the two 
phloem groups. The phloem just outside of them is gradually 
reorientated until, at higher levels, it makes up the primary phloem 
of each of the lateral bundles. Here is found the first indication of 
transition of the primary cotyledonary bundles from exarch to 
endarch arrangement (fig. 7). The metaxylem is differentiated 
abaxially and on either side of the protoxylem. The protoxyleni is 
then adaxially differentiated and thus through the center of the 
group of metaxylem cells. The lateral bundles are, at this level, 
still transition bundles. Ko appreciable change is e\ddent in the 
position of the primary phloem. 

At only a slightly higher level, and tliroughout most of the remaining 
upper hypocotyledonary region, the cotyledonary bundles are 



Figure 5.—Ssetion through transition zone showing differentiation of two xylem groups between the 

cotyledonary bundles. 

transition ones but are radial with respect to their primary xylem and 
pliloem. At this level the xylem of the lateral bimdles is more endarch 
than transitional and the bundles are nearly collateral. At a slightly 
higher level the cotyledonary bundles are transition radial ones and 
the two lateral bundles are perfectly endarch and collateral (fi^. 
6 and 7). Adaxial differentiation of the protoxylem has r'es^ulted in 
this endarch condition of the lateral bundles. In the cotyledonary 
bundles the abaxial differentiation of the metasylem takes place 
laterally on both sides of the protoxylem. The i>ericycle at this level 
is two layers in thickness and the endoderxnis is still present but is 
irregular in shape. 

At a position about 1 mm below the cotyledonary plate each phloem 
gi’oup associated radially with the cotyledonary bundles bifurcat^es, 
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fomiing two irregular groups. The two groups on either side and 
adjacent to the xylem of the cotyledonary bundles anastomose ini» 
mediately outside of this xylem, and thus collateral bundles are 
formed. " HoYrever, the xylem of these bundles is still in a transition 
stage. Small strands of the remaining groups of phloem, located 
between each cotyledonary and each lateral bundle, diverge into the 
cortex (fig. 8). A part of this phloem is continuous to a higher level, 
where it forms a ring of cells inside of the diverging primary vascular 
bundles. These phloem cells gradually disappear at Ingher levels 



PiGUE® S.— Transverse section through upper hypocotyl. Note transition and radial arrangement cf 
cotyledonary bundles (c) and endarch collateral position of lateral zones {1). X 100. 


until the base of the epicotyl is reached, wdiich is composed of a mass 
of undifferentiated meristemetie cells. The primary pldoein of the 
root thus in part seems continuous with that of the stem. The 
piim^xry xylem, however, is not continuous with that of the stem 
but d verges entirely into the cotyledons. Only the secondary xylem 
of the root is continuous with the xylem of the stem. 

The xylem of the cotyledonary bundles is not endarch at the same 
level that the bundles are collateral but becomes so at a slightly higher 
level, and is entirely so at the position of the bundle divergence toward 
the cotyledons. At this same level each of the lateral bundles bifur¬ 
cates, forming two clo'sely associated bundles (fig, 9). These gradually 
Mre laid down farther apart imtil they finally form a lateral trace in 
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each of the two cotyledons (fig* 10). They always diverge and form 
the cotyledon.ary traces on the same side of the plant as that on which 
they arose and extend tliroughout their length in the hypocotjL 
The cotyledonary bundles diverge at the same level and make up the 
midribs of the cotyledons. 

Since salsify is definitely syncotyledonous, there is no sharp diver¬ 
gence of the cotyledonary traces, but they extend for some distance 
through the cotyledons in an almost vertical position. 



Figure 7.—Higher magnification of section shoA’n in figure 6; note same points there suggested. X 250 


ADDITIONAL OBSERVATIONS 

In connection with the foregoing studies, it was noted that no oil 
ducts are present in either the yoimg primary or the mature salsify. 
The substance commonly spoken of as milky’’ is foimd mainly in 
the phloem. 'i; 

The edible portion ^of the mature salsify is composed largeiy of 
xylem. Most of this is .xylem parenchyma. The phloem, pericycle, 
endodermis, and cortex ^are also present in the mature structure* In 
striking contrast to the situation in such plants as the radish, carrot, 
and beet, in which the cork cambium develops from the pericycle, 
in the salsify it develops from cortical dissue. The endodermis is 
readily^ distinguished in the mature structure by the prominent 
Casparian strips* 




Figure 8.— Transverse section through upper portion of hypocotyl. Note primary phloem between the 
bundles and strands of it through the cortex: I, Lateral bundles; c, cotyledonary bundles. 



Fiouie 9.—Transverse section at base of epicotyl; lateral bundles slightly bifurcated and all bundles 
diverging into wtyledonsr I, Lateral bundles; c, cotyledonary bundles; eph base of epicotyl. 
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SUMMARY 

The salsify seedling has linear, lanceolate, sessile cotyledons which 
are photosyiithetic. The slowly developing epicotyl is enclosed in a 
cotyledonary tube to about 1 cm above the cotyledonary node. 

The transition phenomena were studied from the root through the 
hypocotyl to the bases of the cotyledons where the transition is 
complete* 


Figure li).—Transverse section through cotyledons. Note lateral bundles 1)6001116 lateral traces of the 
cotyledons, while cotyledonary bundles become midribs of the cotyledons: I, Lateral bundles; r, cotyle¬ 
donary bundles. The central cavity repre.sents the cotyledonary tube; the larger cavities show the 
breaking down of the c*entral parenchyma of the cotyledons. 

The transition from root to stem structure occurs entirelj" in the 
hypocotyl. 

The root is diarch and the primary xylem and phloem are radially 
arranged as is typical in the primary structure of roots. 

The transition region is largely tetrarch; two primary bimdles, in 
addition to the two continuous with those of the root, being differ¬ 
entiated in the lower portion of the transition zone from metaxylem. 

Both the phloem and the xylem in the two primary bundles of the 
root are continuous through the hypocotyl and into the midribs of the 
cotyledons. 

34114—35-0 
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Tlie two additional bundles arising in tbe basal portion of tlie 
transition region are located laterally and at right angles with respect 
to the cotyiedonary bundles. 

Each lateral bundle separates near the cotyledonary node and the 
two strands thus formed make up a lateral trace in each of the two 
cotyledons. 

The transition from the exarch radial arrangement of the primary 
cotyledonary bundles to the endarch collateral arrangement extends 
through the upper one-half of the hypocotyl, hence almost to the 
cotyledonary node. 

During tliis transition the metaxylem vessels are differentiated 
abaxially with respect to the protoxylem and laterally on either side 

of it. 

The primary cotyledonary bundles are radially arranged wuth re¬ 
spect to the xylem and phloem throughout most of the transition 
zone, but are typical collateral bimdles where they diverge into the 

cotyledons. 

The lateral bimdles in the hypocotyl are never exarch or radial, 
but are laid down as transition bundles in the lower transition region 
and extend thus throughout most of this zone. However, there are 
endarch collateral ones at a lower level than those of the cotyledonary 
bundles. 

These four bundles of the primary body extend through most of the 
hypocotyl in a radially symmetrical pattern. 
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EFFECT OF INTERIOR TEMPERATURES OF BEEF MUSCLE 
UPON THE PRESS FLUID AND COOKING LOSSES^ 


By Alice M. Child, mmdate professor of home economics^ and J. Agnes Fogarty, 
Mmnesota Agricultural Experiment Station 

INTRODUCTION 

Quality and palatability of lean tissue of meat are largely dependent 
upon theii’ physicochemical relationsliips. In examining the factors 
contributing to the edible qualities of meat, investigators have em¬ 
phasized the importance of tenderness, juiciness, flavor, and aroma. 
Research dealing with these qualities has been effectixe in advancing 
scientific knowledge in meat cookery. Physicochemical investigation 
is necessary, however, to bring about a clear understanding of the 
changes that take place when meat is heated. 

A method for studying the quahty and quantity of press fluid or 
juiciness in different meat samples has been developed through the use 
of the pressometer (4)." The term press fluid is used to designate 
the fluid, consisting of moisture plus the soluble material plus the col¬ 
loidal fraction, expressed from muscle by the use of the pressometer. 
Tins paper deals with a study of the quantity and composition of 
press fluid from beef muscle heated to different temperatures to de¬ 
termine their effect on the palatability of meat with respect to juici¬ 
ness, a very important factor in meat quality. 

REVIEW OF LITERATURE 

The factors that affect the cooking losses of meat when roasted have 
been the subject of manj^ investigations. Early work by Grindley 
and Mojonnier (9) dealt with the losses of meat cooked in water and 
by dry heat. Their results show that dry heat caused losses of from 
0.25 to 4.55 percent of the nitrogenous matter and 2.47 to 27.18 per¬ 
cent of the fat. Cline and Godfrey (5) concluded that loss in weight 
varied directly with increase in temperature. Grindley and Emmett 
(S) studied the juice and fiber of meat cooked in different ways. The 
juice was removed from raw ground meat by pressure, the yield being 
approximately 30 cc per 100 g. On heating, the red juice changed to 
brown at 52° C. These investigators found that the juice had the 
distinctive flavor of meat, while the fibers had little or no flavor though 
prepared in different ways. The flavor of the juice was more pro- 
noimced in the liquid portion than in the coagulated precipitate. 
Cline, Trowbridge, Foster, and Fry (6) found, from judges' grading, 
that increased shrinkage was accompanied by a decrease in tenderness, 
juicmess, and flavor of lean meat and that the loss of flavor might be 
attributed to loss of juices. 

1 Received for publication Apr. 8, 1935; issued December, 1935. Scientific Journal Series, Paper No. 
1343, Minnesota Agricultural Experiment Station. 

« Reference is made by number (italic) to Literature Cited, p. 661. 
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Earh^ investigation of pure muscle fluid—fluid removed from muscle 
not ill contact vitk either water or salt—was carried on hj Botazzi (3) 
in 1912. He obtained fluid from raw ox muscle that had been stored 
on ice and then chopped and ground wnth diatom powder. By means 
of a Iwdraulic press, using pressures varying from 50 to 350 atmos¬ 
pheres, he expressed the fluid in quantities sufficient for the determi¬ 
nation of its physical and chemical properties. Because of the general 
inaccessibility of Botazzhs work, certain of his data are shown in 
table 1, 


Table 1.— Yield of press fluids at 350 atmospheres pressure, from raw ox 7nuscle^ 
and dry residue, protein, and ash co7itent of the fluid ^ 


t 

\Tnsf.ip ! Weight 

of muscle 

Weight 
of fluid 

Yield 

Dry 

residue 

Total 

protein 

Ash 

Residue 
protein 
and ash 

i 

\ Kilograms 

Striated--...0.938 

Smoot li.. 1 .829 

i 

IKilograms 
! 0.529 

1 .339 

Percent \ 
63 
40 

Percent 

S. 914 
7.43 

1 

1 Percent 
! 91.080 

1 92.57 

Percent 

1.739 

.85 

Percent 

2. 654 
2.93 


i Botazzi (-L. 


Other analyses of fluid from ox muscle are given by Wiley (14), 
Leach (11), states that meat juice is the fluid portion of the 
muscle fibers. The standard for true meat juice adopted by the 
Association of Official Agricultural Chemists (1) is: 

^ The solids coiitaiD not more than 15 percent of ash, not more than 2.5 percent 
NaCl, not more than 4 nor less than 2 percent phosphoric acid, and not less than 
12 percent of nitrogen. The nitrogenous bodies contain not less than 35 percent 
of coagulated proteins and not more than 40 percent of the meat basis. 

Halliday, Noble, and Klaas (10), using a pressure of 3,800 pounds 
per square inch for expressing juice, found that rib roasts heated to 
61° C. yielded a larger quantity of juice than rib roasts heated to 
75°. The quantities of juice ranged about 15 cc per lOOg. The juice 
from roasts heated to 61° was richer in solid and total nitrogen than 
that from roasts heated to 75°. 

Bigelow and Cook (2) showed that a larger yield of juice could be 
obtained from meat heated to 60° C. than from raw muscle. 

The methods and technique for press-fluid analyses, have been 
described by Child and Baldelli (4), who used 250 pounds pressure on 
the pressometer for 10 minutes. A study of sampling by Zohner® 
proved that duplicate samples from the same slice could be used for 
analysis, since the difference between them was not significant. 

MATERIAL AND METHODS 

The semitendinosus or eye muscle from the round of beef contains 
all of the structural components of striated muscle in a convenient 
compact unit. The entire raw cut weighs from 1 to 1.5 kg and meas¬ 
ures from 25 to 30 cm in length and from 6 to 8 cm in diameter, being 
approximately cylindrical in shape and tapering abruptly at either 
end. The end pieces were not used for cooking. The muscle was 
removed from the round by cutting along the seam between the eye 

_ 3 1„ T. A STUDY ijf SAMPLING FOR PRESS FLUID INVESTIGATION. 1934. (rnpublished material, 

Mmaewta Agrienltiiral ExperimeDt Station.) 
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and the top round and separating the muscle from the bottom round. 
The beef obtained from a large packing house was of choice quality 
and was ripened 14 days. An electric oven with an automatic con¬ 
trol was used for cookings and a pressometer was used for removing 
the fluid from the muscle. 

PREPARING AND ROASTING THE MEAT FOR SAMPLING 

Two roasts from the same muscle were prepared according to the 
method given in quality tests by the cooking committee of the coopera¬ 
tive meat investigation committee.^ All exterior fat was carefully 
removed, leaving a continuous covering of connective tissue sur¬ 
rounding the muscle. Preliminary work showed that the meat was 
more uniformly cooked when prepared in this manner. The anterior 
portion was used for the tests at 58° C., and the posterior section for 
those at 75°. The length of the roast was determined by its diameter 
to insure even heat penetration to the center from all sides. The 
meat was cooked until the thermometer registered 58° for the rare 
and 75° for the well-done roasts. The former temperature was 
chosen because it is used for rare roasts by the cooking committee 
of the cooperative meat investigation committee.^ The higher tem¬ 
perature was decided upon after a series of preliminary roasting ex¬ 
periments had been performed to determine the temperature at which 
the standard of the center slice of the roast would conform to that for 
well-done beef given by Sprague and Grindley (75), who describe the 
interior of meat cooked to 75° to be brownish gray in color, with a 
scant amount of colorless or slightly yellow juice. 

Total losses, the sum of the evaporation and dripping losses, were 
obtained. 


SAMPLING FOR PRESS-FLUID DETERMINATION 

After cooking, the roasts were cooled to 40° C. They were then 
halved, and a slice 1.25 cm in thickness was removed from the center. 
On either side of the thermometer duplicate samples were taken by 
means of a round cylindrical borer 1.25 cm in diameter. The weighed 
sample was wrapped in an unsized, shrunk, weighed filter cloth and 
put in the tray of the pressometer imder a pressure of 250 pounds for 
10 minutes and weighed again. The weight of the press fluid was 
found by subtracting the weight oi the pressed sample from the weight 
of the impressed sample. 

To obtain the quantity of press fluid per gram of dry matter, the 
expressed sample after preliminary evaporation in a drying oven was 
brought to constant weight at a temperature of 80° C. ±2 under high 
vacuum. The ratio of press fluid to dry matter was calculated by 
dividing the weight of the press fluid by the weight of the dried sample. 

OBTAINING PRESS FLUID FOR CHEMICAL ANALYSIS 

For chemical analysis of the press fluid, the slice which had been 
sampled for press-fluid determination was used, the outer layer 1.25 
cm in thickness being removed and the remainder cut into 1.25-cm 
cubes. 


^ Alexandek, L. M., Clark, N. G., and Howe, P. E. methods of cookino and testing meat foe 
PALATABiLiTT. Supplement to National Project Cooperative Meat InvestigatiO'ES. U. S. Dept. Agr., 
Bur. Home Econ. and Bur. Anira. Indus. 36 pp., illus. Revised, February 1933. fMimeographed.] 
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Tlie sample was tigh-tly wrapped in a 5-cm square of filter clothe 
placed on a perforated aluiiiinum shelf, 1 cm high, in the pressometer 
tray, and kept under a pressure of 250 poimds for 5 minutes. Pre¬ 
vious work had shown that during this period most of the nitrogen is 
removed (4). It was necessary to strain the press fluid when using 
raw meat in order to remove particles of fibers which were forced 
through the cloth by pressure. A saturated filter cloth square was 
used for this purpose. 

Ten cubic centimeters of^ press fluid were collected for the deter¬ 
mination of moisture, total nitrogen, and noncoagulable nitrogen in the 
press fluid. The fluid was kept at a temperature of 4^ C. until 
analyzed. The percentage of moisture and of total and noncoagulable 
nitrogen in press fluid was determined by the method of the Associa¬ 
tion of Ofiicial Agricultural Chemists (I). The percentage of co- 
agulable nitrogen was obtained by the difference between the means of 
duplicate analyses of total and noncoagulable nitrogen. 

EXPERIMENTAL DATA 

THE HOMOGENEITY OF SEMITENDINOSUS BEEF MUSCLE FOR PRESS-FLUID 

DETERMINATION 

In a series of preliminary experiments portions of the semitendi- 
nosiis beef muscle 5 cm apart were tested for uniformity of quantity 
and composition of press fluid, five muscles being used. 

Three thermometers, 5 cm apart and approximately 5 cm from 
either end, were inserted in each muscle, which was cooked until the 
center thermometer registered 58^ C., the end thermometers ranging 
between 59° and 60°. After the muscle was removed from the oven 
the rise in temperature varied from 1° to 3°. Press-fluid determina¬ 
tions were made on duplicate samples of slices taken from the anterior, 
center, and posterior parts of the muscle. Cooking losses were ob¬ 
tained from the roasts. 

The results of this study showed that the differences in percentage 
of press fluid in each portion were so slight as to be negligible. The 
percentage of cooking losses likewise showed a very small deviation 
among the roasts. 

A chemical analysis to determine the moisture, total nitrogen, and 
ether-extract content of the press fluid from the different portions 
was made. The composition of the press fluid in the muscle was 
found to be wflthm the limits of experimental error. The ether extract 
was so small a percentage that this analysis was omitted in later work. 

According to these analyses the semitendinosus beef muscle was 
uniform in chemical composition as well as in press-fluid yield; there¬ 
fore, two comparable roasts were used from the same muscle. 

PRESS FLUID IN SEMITENDINOSUS BEEF MUSCLE HEATED TO 58° AND 75° C. 

Duplicate samples averaging 1.5 g were taken for the determination 
of press fluid from roasts from the same muscle. The anterior sec¬ 
tion was heated to 58° C. and the posterior to 75°.^ The press fluid 
in muscles heated to 58° averaged 54.175 percent, with a standard 
deviation of 2.14; and that of muscles heated to 75° averaged 43.094 
percent, with a standard deviation of 3.25. 

*' Tfae temperatarcs 68° and 75° C. were r^ched in the oven. After removal, the rise in temperature 
tf the roast varied from 1° to 8°, hut the temperature of the 75° roast remained constant. 
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The grams of press fluid per gram of matter were obtained by 
bringing the pressed sample to constant weight. The data obtained 
showed that the press fluid per gram of dry matter averaged 2 . 3186 , 
with a standard deviation of 0.201 for the^ 58° muscles; and 1 . 4605 , 
with a standard deviation of 0.248, for the 75° muscles. 

Applying Fisher^s (7) analysis of variance to the data on the per¬ 
centages of press fluid and the grams of fluid per gram of diy* matter, 
it was found that variation due to temperature was much larger than 
that due to error. 

Data on both percentages of press fluid and grams of fluid per 
gram of dry matter show that there is a larger quantity of press fluid 
in muscle heated to 58° C. than in that heated to 75°. 

When Fisher^s (7) analysis of variance was applied to the data, a 
tendency was noted for the raw beef muscle to differ from the muscle 
heated to 58° and 75° C. in moisture, total nitrogen, and noncoagu- 
lable nitrogen (table 2). 

Table 2. —Means in percentage of moisture^ total nitrogen^ noncoagulahle nitrogen 
and coagulahle nitrogen in press fluid from raw beef muscle and the same heated to 
and C. 


Sample bo. 

Moisture 

Total nitrogen 

Noncoagulable 

nitrogen 

Coagulable 

nitrogen 

Raw 

58° 

75° 

Raw 

58° 

75° 

Raw 

58° 

75® 

Raw 

58° 

75® 

1. 

87.85 

91.04 

92.83 

1.68 

1.02 

0.76 

0.55 

0.70 

0.67 

1.14 

0.32 

0.09 

2. 

87.71 

91.94 

93.55 

1.82 

1.04 

.74 

.42 

.55 

.58 

1.41 

.48 

.16 

3. 

90.10 

91.19 

95.25 

1.32 

1.11 

.54 

.46 

.70 

.49 

.86 

.42 

.04 

4. 

88.61 

91.51 

93.57 

1.57 

1.05 

.70 

.50 

.59 

.66 

1.07 

.46 

.01 

5. 

88.25 

90.63 

94.05 

1.63 

i.m 

.57 

.47 

.66 

.51 

1.16 

.43' 

.06 

6. 

89.98 

90.14 

93.65 

1.36 

1.18 

.66 

.48 

. 76 

.62 

.87 

.42 

.04 

7. 

88.80 

92.69 

93.46 

1.54 

.89 

.64 

.43 


.57 

l.Il 

.31 

,08 

8. 

87.58 

90.45 

93.68 

1,25 

1.05 

. 67 

.48 

.58 

.63 

.77 

.47 

.04 

9. 

90.56 

91.73 

93.79 

1.21 

1.01 

.59 

.46 

.63 

. 54 

.75 

.37 

.05 

10. 1 

87,43 

91.16 

92.16 

1.61 

1.06 

.66 

.49 

.56 

.61 

1.12 

.49 

.05 

11. i 

87-45 ! 

91.83 

93.66 ! 

1.58 

1.03 1 

.59 

.48 

.5:5 

.54 

1.10 

.49 

.05 

12.! 

87.38 

92.23 

9426 

1.68 

i .92 1 

.60 

.47 1 

.63 

1 .66 i 

1.23 

i .30 

.03 

13.- 

89.65 

91.40 

93.73 

1.48 1 

1 . 0:5 ! 

1 .68 

.47 i 

: .66 

. 6:5 1 

1.03 

.49 

.05 

14. 

88.52 1 

91.09 

93.67 

1.26 

.89 j 

' .55 

.39 1 

: .64 

.,50 

.85 

.24: 

.05 

15.i 

86.94 ! 

91.02 

92.53 1 

1.67 1 

,86 

.65 

.41 

1 .66 

. 65 

1,24 

.20 ^ 

.01 

16. ! 

90.16 i 

91.80 

93.33 I 

1.26 j 

.93 1 

; .64 

.40 1 

' .61 1 

.60 

.87 

.31 1 

.05 

Mean. J 

88.56 

91.37 

93.57 j 

1.49 

1.01 1 

.64 

.46 1 

.63 

1 

.58 

1.04 

.39 j 

i 

.05 


The means of the different analyses show three distinct trends in the 
composition of the press fluid at each temperature. The moisture 
content of the press fluid varies directly with the interior temperature, 
being 93.57 percent in muscle heated to 75° C., and 91.37 percent in 
muscle heated to 58°. Raw muscle has the lowest percentage, 88.56. 
As the muscle proteins coagulate with increased temperature, the 
coagulable nitrogen fraction is removed, thus yielding a less concen¬ 
trated press fluid. 

The percentage of total nitrogen shows an inverse relationship with 
the temperature, 0.64 percent in the 75° muscle, and LOl percent in 
the 58° muscle. The raw muscle has the highest percentage, 1.49. 
The removal of the heat-coagulable nitrogen with increased tempera¬ 
ture brings about this relationship. 

The averages for the percentage of coagulable nitrogen in the press 
fluid follow the same order as for the total nitrogen, 1.04 percent for 
the raw, 0.39 percent for the 58°, and 0.05 percent for the 75°. 
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Coagiilable nitrogen varies consistently with increase in tempera¬ 
ture, little being present at 75°. The small quantity of coagulable 
nitrogen at 75° indicates that coagulation is practically complete at 
that temperature. The noncoagulable nitrogen content averages 
0.46 percent for the press fluid from the raw muscle, 0.63 for the 58°, 
and 0.58 percent for the 75°. 

These values indicate that the noncoagulable nitrogen from the 58° 
and that from the 75° muscle are only slightly different. Enzymes 
may be the influencing factor. The increased enzyme activity at 
58° C. releases additional amino nitrogen which analyzes as non coag¬ 
ulable nitrogen. The higher temperature of 75° inhibits enzyme 
activity, thus decreasing the yield of noncoagulable nitrogen. 

PRESS FLUID AND COOKING LOSSES 

Press fluid and total cooking losses were obtained for roasts cooked 
to 58° and 75° C. interior temperatures. These data are given in 
table 3 (32 pahs of observations). 

Table 3.—Press fluid and total cooking losses in semitendinosus beef muscle 
he'ited to d8° and to 7o° C- 


Roast no. 


58° C. 


Press fluid 


Cooking 

losses 


Roast no. 


75° C. 


I 

I Press fluid 


Cooking 

losses 



Percent 

Percent 


1.... 

58.346 

9.750 

0 

3. 

56.416 

10.836 

4.. 

5_ .. 

53.347 

19.230 

6.. 

7....'. 

52.693 

9.136 

8- 

9.. 

54.203 

15.000 

10- 

u. 

54.946 

13.810 

12. 

13... 

56.282 

12.376 

14- 

15. 

52.960 

11,261 

16- 

17... 

53.274 

11.807 

18. 

19. 

55.059 

12.619 

20. 

21. 

54.910 

10.976 

22. 

23. 

53.875 

10.304 

24- 

25. 

55.534 

11.491 

26- 

27.. 

55.363 

13.400 

28 

29..::...:. 

50,814 

14.050 

30. 

31. 

54.284 

11.258 

32. 

33. 

53.185 

19.001 

34 

35..-. 

55.814 

14.167 1 

36- 

37-.i 

55.308 

12.224 

38. 

39.-.' 

51.284 

13.907 

40. 

41. 

54.060 

13.062 

42. 

43.. 

53.380 

11.811 

44. 

45... 

55.176 

15.385 

46. 

47. 

55.806 

10.938 

48. 

49. 

51.410 

11. Ill 

50. 

51. 

55.416 

14.471 

52 

S3.-. 

49.222 

13.937 

54. 

55... 

53.074 

9.388 

56. 

57. 

! 56.65 

11,957 

58. 

59... 

! 54.094 

14.666 

60. 

61... 

54.887 

10.358 

62. 

63.-. 

52. 782 

11.849 

64. 


Percent 
47.872 
44.315 

41.950 
42.675 
61.218 
41.830 
41.088 
44.415 
41,968 
46.214 
40.612 
41.858 
42.262 
39.726 

38.950 
45.356 
39.184 
37.890 

48.843 
42.382 
45.410 
39.066 

43.843 
44,404 
45.345 
46.116 
42.768 
45.703 
45.602 


Percent 
25.719 
24.752 
30.688 
24.483 
32.626 
32.409 
34.708 
31.463 
30.857 
30.081 
30.417 
35.345 
31.330 
32.200 
37.846 
30.045 
36.657 
34.342 
29.768 
29.791 
28.831 
37.021 
32.321 
32.588 
26.038 
34.156 
29.392 
22.303 
31.070 


46.692 
47.006 
41.786 


27.588 
25-086 
33.108 


The value for the correlation coefficient r is —0.5331 when corre¬ 
lating percentage of press fluid ancl total cooking losses from the 75° C. 
roasts. This value is highly significant, since the least highly signifi¬ 
cant value (P=0.01) for r is 0.4487. 

The vffiue for r in the correlation between percentage cooking 
loss^ and press fluid in the roasts cooked to 58° C. is —0.1823, and 
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the least significant value (P=0.05) for r is 0.3494. No significant 
relationship is indicated between total cooking losses and press fluid 
in roasts cooked to 58°. According to McCance and Shipp {12), 
muscle tissue shortens without a change in volimie or loss of weight 
when heated to 40°. However, at temperatures above 60° there is 
a loss of weight caused by increased shrinkage of the meat proteins, 
causing e:^ressioD of the meat juices. This may explain the inverse 
relationship observed when muscle is heated to 75° and the fact that 
there is no definite relationship at 58°. 

SUMMARY 

From tliis study the following observations on the effect of interior 
temperature upon the semitendinosus muscle of beef can be made on 
the basis of statistical analysis. 

The ratio of press fluid to dry matter is greater in muscle heated to 
58° C. than in that heated to 75°, the value for grams of press fluid 
per gram of drv matter being 2.319 for the 58° muscle and 1.46 for 
the 75°. 

Approximately 11 percent more press fluid is foimd in the muscle 
heated to 58° than in that heated to 75°. 

Chemical analysis of the press fluid showed: 

The moisture content of press fluid varies directly with the interior 
temperature, the raw having less moisture than the heated muscle. 

An inverse relationship exists between the total nitrogen content 
of press fluid ana the interior temperature, the raw having more total 
nitrogen. 

There is comparatively little difference in the noncoagulable nitro¬ 
gen in press fluid from muscles heated to 58° ana 75° C., the raw 
having less than the heated muscle. 

The coagulable nitrogen fraction in press fluid varies inversely 
with the interior temperature. 

An inverse relationship exists between the percentage of press fluid 
and the total cooking losses in muscle heated to 75° C. No relation¬ 
ship is indicated between the percentage of press fluid and the total 
cooking losses in muscle heated to 58°. 
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THE DIFFUSIBLE CALCIUM IN THE SERUM OF LAYING 
AND NONLAYING HENS ' 


By Milton W. Taylor, assistant biochemist, and Walter C. Kijssell, hiochemisi, 
Neio Jersey Agricultural Experiment Station 

INTRODUCTION 

The calcium metabolism of fowls is of considerable theoretical 
interest because of their ability to absorb and to deposit in the 
eggshell a large amoxmt of calcium. It is, also, of interest that the 
hen is able to tolerate readily, as compared with mammals, an ex¬ 
tremely high level of calcium in the blood. In an effort to obtain 
facts which might serve to explain this high tolerance for calcium, 
determinations were made of the diffusible and nondiffusible calcium 
in the blood serum of laying and of nonlaying hens. It seemed 
particularly desirable in these studies to ascertain whether there were 
any changes in the relative amounts of these two calcium fractions 
when the hen passed from a nonlaying into a laying status and vice 
versa. Therefore, the determinations were made on serum from a 
small group of hens before they began to lay and after they began 
to lav. 

REVIEW OF LITERATURE 

Since the completion of this work, reports on the same subject 
have appeared from other laboratories. Correll and Hughes (5),^ 
comparing cocks, laying hens, and no^aying hens, found the ultra- 
filtrable calcium of the serum to be fairly constant at a value of 6.4 
mg, although the total calcium varied from 11.7 to 25.1 mg per 100 
cc. Their analyses were carried out according to the method of 
Nicholas (7), with cellophane as the semipermeable membrane. 
Laskowski (5), using collodion membranes, found the ultrafiltrable 
calcium to be 8.0 mg per 100 cc in the case of both laying and non- 
ia 3 ring hens. However, this value was obtained on plasma rather 
than on serum. Benjamin and Hess (1), using a collodion membrane 
and relatively low pressiue differences, obtained a value of 6.8 mg 
per 100 cc of serum for laying hens. It is unfortunate, for the 
purposes of comparison, that the methods used in these investigations 
and in ultrafiltration and diffusion studies in general have varied 
considerably. However, the results obtained by different investi¬ 
gators on avian serum are in essential agreement. 

EXPERIMENTAL METHOD 

The methods available for this type of study may be classified in 
three groups: (1) Ultrafiltration, in which the serum is forced through 
a semipermeable membrane by high or low pressure; (2) pressure 

1 Received for publication May 17, 1935; issued October 1,1935. Journal Series paper of the New Jersey 
4gricaliural Experiment Station, Department of Agricultural Biochemistry. 

2 Reference is made by number (italic) to Literature Cited, p. 667. 
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dialysis, in wMcli tlie sample is separated froni pure water or a salt 
solution by a semipermeable membrane^ a difference in pressure 
being maintained between the two sides of the membrane; and (3) 
ordinary dialysis. The second method was chosen for these studies 
since it appeared to lend itself readily to the handling of small samples. 

The apparatus used for the pressure dialysis of the serum was 
essentially that described by Moritz (6). The negative pressure 
was obtained by means of a suction pump and was regulated at 
150 mm ±10 mm of mercury by means of a mercury escape valve. 
It was foimd necessary to include a large reservoir in the circuit to 
avoid wide fluctuations in pressure. 

Collodion sacs were prepared according to a method based on the 
work of Farmer (4) and Browm (2), A solution of 10-percent Parlodion 
in equal parts of absolute ethyl alcohol and diethyl ether was used. 
A test tube of appropriate size was filled with collodion, emptied, and 
drained for exactly 1 minute, as described by Farmer (4). Then, 
with the open end of the test tube up, the film was dried for exactly 
1 minute by lowering a capillary tube, to which suction was applied, 
nearly to the bottom of the test tube. The test tube was then im¬ 
mersed in 95-percent ethyl alcohol and allowed to remain for at least 
5 minutes. The alcohol was applied to harden the membrane and to 
give high permeability. Several investigators have used alcohol for 
this purpose, particularly in the preparation of membranes of graded 
permeability; the higher the concentration of alcohol used for harden¬ 
ing, the greater the permeability. The sacs vrere then removed from 
the tubes, washed with distilled water, and preserved for future use 
in normal saline solution. Chloroform was added as a preservative. 
It is important that the sacs should not be allowed to dry since drying 
greatly reduces the permeability. 

In carrying out a determination, the following procedure was 
adopted: Three cubic centimeters of distilled water was measured 
into a 15-cc centrifuge tube and the tube and contents weighed. A 
sac from the saline solution wms washed with distilled w^ater and dried 
inside and out 'with filter paper, and 2 cc of serum w^as then measured 
into it. In practice it was found easiest to slip the sac onto its support¬ 
ing stopper before adding the serum, and then to add the sermn by 
inserting the tip of the pipette through the hole of the stopper. The 
sac WSLS then seemed to the stopper by means of an encircling thread 
and the wiiole pushed onto the glass tube wiiich opened to the atmos¬ 
phere. These operations had to be carried out quicldy to prevent any 
lessening of the permeability of the sac by drying. After the complete 
apparatus had been assembled and when suction was first applied, 
the sac %vas held above the level of the wrater in order to observe 
possible leaks. It wms then low'ered so that the level inside the sac 
was just below that on the outside. The dialysis was carried on for 
4 hours, the sac being raised occasionally to maintain the relative 
levels of the liquids. 

At the end of the dialysis the sac was again raised above the level 
of the outside liquid and the suction slowdy released. The apparatus 
was separated, care being taken to transfer as much as possible of the 
Iquid adhering to the outside of the sac to the centrifiige tube. The 
latter 'was then weighed, the gain in weight being the ineasme of the 
water w^Mch had left the sac. No correction was foimd to be necessary 
for the amount of w^ater adhering to the sac since several trials showed 
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it to be negligible. The outside of the sac was then washed into the 
tube containing the dialysate, and the solution within the sac was 
wuished out into a second centrifuge tube. Calcium w^as determined 
in both of these by the method of Kramer and Tisdall as modified 
by Tisdall {8). From these results the diffusible calcium wms calcu¬ 
lated in the way described by Updegraff^ Greenberg, and Clark {9), 
The total calcium concentration wms obtained b}^ aclding the amount 
of calcium in the dialysate to that wdiich remained in the sac. The 
accuracy of this calculation was found to be wuthin the limits of error 
of the method for calcium determination. 

Six nonlaying hens which later began to la}^ w^ere employed in this 
experiment. Blood samples of about 30 cc were obtained from the 
heart by means of a hypodermic needle and syringe at approximately 
monthh’’ interTals. The blood serum was separated by centrifuging. 

RESULTS AND DISCUSSION 

Since trouble was experienced in preparing highly permeable 
membranes, a number of determinations were carried out on a solu¬ 
tion of Ca(HoP 04 ) 2 .H 20 containing IS mg of calcium per 100 cc. 
Under these conditions, 90.9 ±1.4 percent of the calcium wms diffusible 
through the various membranes. While theoretically 100 percent 
of the calcium in an enthely inorganic solution should be diffusible, 
it is doubtful whether this wmuld be the case under the conditions 
of this experiment. Thus, it is probable that a greater degree of 
diffusibility would have been found had the dialysis period been 
longer. Furthermore, duplicate tests on serum show^ed close agree¬ 
ment even though the permeability of the particular membranes used 
in the tests varied wffdely when used with the inorganic calcium 
solution. 

The results obtained on the dialysis of serum are summarized in 
table 1. From these figures it may be seen that although the total 
calcium level of the serum varied from 10.6 to 39.0 mg per 100 cc, 
the diffusible calcium was maintained wfftliin a much narrower 
range, all the values except twm falling betw’^een 4.2 and 6.7, with an 
average for all determinations of 5.3 ±0.17 mg. This value is low^er 
than the 6.4 reported by CorreU and Hughes (S) or the 6.8 reported 
by Benjamin and Hess {!). The differences may be due to the fact 
that the aforementioned investigators used ultrafiltration methods, 
while the method employed in these experiments was pressure dialy¬ 
sis. The significantly higher value, 8.0 mg, which Laskow'ski (5) 
obtained on plasma is not strictly comparable with the results obtained 
on serum. It may be concluded, therefore, that for any given method 
of analysis the so-called “ultrafiltrable^' or diffusible calcium of 
fowl serum show^s a liigh degree of constancy which is quite inde¬ 
pendent of the total calcium concentration of that serum. Benjamin 
and Hess {!) and others have shown that this is not true in cases of 
other species in which the level of calcium in the blood has been 
elevated artificially or pathologically. It is apparent, also, that 
slight changes in the procedure, at least in this particular type of 
analysis, may give constant diferences in results. 
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Table 1.— Total and diffusible calcium of hen^s serum 


i 

1 

Bird I 

Month 1 
and day i 
of analy- j 
sis i 

! 

. i 

Condition of bird 

Deter- | 

Total calcium i 

Diffusible 
calcium i 

no. j 
! 

L 


a 

o 

S 

3 

3 

Range 

Mean 

Range 

Mean 

i 

1 

Tan. 12 

Nonlayitig____ 

Number 

4 

Mg 

9.9-11.3 

Mg 

10.6 

Mg 

6.3-6.6 

Mg 

6.5 

i 

Ian. 26 

Laying---- 

5 

20.2-21.7 

21.3 

6.1-6.5 

6.3 


Feb. 16 


2 

25.5-25.5 

25.5 

5.0-5.4 

5.2 


May 3 

.do...-.—. 

3 

17.3-20.0 

18.9 

3.9-4.8 

4.2 


Ian. 12 

Nonlaying.. 

5 

11.3-11.9 

11.6 

5.8-6.5 

6.2 

274 

Jan. 27 

Laving_ 

5 

23.5-24.7 

23.8 

5.5-6.6 

6.0 


Feb. 16 1 

i Nonlaying.... 

4 

11,8-12.1 

11.9 

3.9-4.9 

4.5 


Jan. 15 ! 

.do___ 

4 

11.9-12.3 

12.1 

6.5-6.8 

6.7 

177 ' 

Jan. 29 ' 

Laying_____ 

4 

38.2-39.9 

39.0 

5.1-6.2 

' 5.6 


Feb. 26 ; 

.do ... 

5 

16.5-20.4 

18.8 

3.1-4.6 

3.7 


Jrn. 19 : 

.do__-.. 

5 

24,8-26.5 

25.9 

5.7-7.4 

6.5 

:172 

Feb. 9 

-do... — 

4 

18.5-19.3 

18.9 

4.3-5.1 

4.6 


,.\pr. 19 

_do..... 

4 

21.8-22.1 

21.9 

4.2-4.4 

4.3 


Fan. 19 

Nonlaying..... 

4 

12.5-13.4 

12.7 

5.6-6.8 

6.1 

923 

Feb. 9 

Laying.-... 

4 

17.2-18.9 

17.9 

6.1-6.7 

6.4 


Apr. 19 

.do .-. 

3 

16.5-16.5 

16.5 

4.9-5.2 

5.0 


Jan. 21 


1 5 

15.3-16.1 

15.6 

5.1-6.1 

5.7 

117 

•'Feb. 11 
[May 3 

X'onlaymg. 

j 2 

11.7-12.7 

12.2 

2.5-2.9 

2.7 


Laying..... 

! 3 

13.4-14.5 

14.1 

4.3-5. 5 

5.1 

10 

Jan. 5 

Nonlaying: on raehitogenlc diet-_ 

i ^ 

12.6-13.3 

12.9 

7.9-S.0 

8.2 


5 Per ICK) cc of semm. 


As indicated earlier in this paper, the birds were in a nonlajdng 
condition at the beginning of the experiment, but each one began to 
lay before or soon after the first set of analyses had been made. In 
some instances there occurred a further change back to the nonlaying 
condition prior to the last analysis. Although in each case the total 
calcium increased markedly with the advent of the laying period, 
ill no case wnis there a significant change in the value of the diffusible 
calcium. Furthermore, the average value for all analyses made 
while the birds were not laying, 5.44:0.42 mg per 100 cc is not signifi¬ 
cantly different from the value 5.3 ±0.17 mg per 100 cc obtained 
w'hen they were laying. The identity of these values seems particular¬ 
ly significant because all the values wnre determined on serum from 
the same group of birds. It is generally agreed that the nondiffusible 
calcium of serum exists in some kind of combination with the protein. 
Benjamin and Hess (i) have further divided the diffusible and non¬ 
diffusible fractions according to whether or not they are absorbed 
by dry BaS 04 . They find, as do others, that a rise in the total 
calcium of the blood is generally accompanied by a rise in serum 
protein. The possibility that the nondiffusible calcium exists as a 
calcium-protein complex may explain the tolerance of laying hens 
for an extremely high level of blood calcium. It is not known whether 
the calcium in this complex is available for the formation of eggshell, 
but apparently it has little toxic activity. 

Bird no. 10 had been on a rachitic diet for 9 months previous to the 
assay. It was killed by decapitation and the blood sample collected 
during the subsequent bleeding. The value 8.2 mg per 100 cc of 
serum for the diffusible calcium, wrhile it may be due to the method 
of bleeding, is believed to be indicative of the disturbed calcium 
metabolism caused by the rachitic diet. 
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SUMMARY 

By the use of collodion membranes, the diffusible calcium of the 
serum of nonlaying hens was found to be 5.4 ±0.42 and that of the 
same hens in the laying condition 5.3 ±0.17 mg per 100 cc of serum. 
No difference was observed in the level of diffusible calcium when 
the birds changed from a nonlaying to a laying condition or vice versa. 
The nondiffusible calcium in the serum rose from a value of 6.4 ±0.53 
mg per 100 cc for nonlaying birds to a value of 16.1±1.17 mg per 
100 cc for the same birds in the laying condition. 
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FACTORS INVOLVED IN THE APPLICATION OP 
FORM-CLASS VOLUME TABLES» 

By C. Edward Behre 

Director^ Northeastern Forest Bx'perimenl Station^ Forest Service, United States 
Department of Agriculture 

INTRODUCTION 

A method of constructing generalized taper charts and volume 
tables, based upon a formula for the stem curve and developed in its 
general principles from the form-class system used in Sweden^ has been 
outlined in a previous paper by the wuiter {2)r In applying these 
generalized taper charts and volume tables to the measurement of 
stands of timber of any given species, the necessary steps are: (1) To 
study the variability of the form quotients of the trees in a stand in 
order to ascertain whether a single average form quotient may be 
used for the entire stand; (2) to work out a method of determining 
the average form quotient of the stands to be estimated in the field so 
that the proper form-class table may be selected for each set of con¬ 
ditions; and (3) to study the relation between normal diameter inside 
bark at breast height (4.5 feet above the ground) and the actual 
breast-height diameter for the species in question. 

Some sugfgestians in regard to each of these three processes as well 
as references tp the earlier literature were included in the previous 
paper. vSince tfie problems referred to are inherent in the timber 
itself and are nbt peculiar to the form-class system alone, they enter 
into the application of volume tables of any sort and so merit intensive 
analysis. In this paper are presented the results of detailed statistical 
studies of these questions for red spruce (Picea rubm Link), white 
spruce {Picea glaiica (Moench) Voss), and balsam fir {Abies balsamm 
(L.) Mill.) in the Northeast. Wright (9) studied these questions for 
the coniferous species of eastern Canada, but his results are not directly 
comparable to those given in tliis paper, primarily because he did not 
eliminate the effect of butt swell on diameter at breast height before 
determining form quotient. Furthermore, his data for spruce and 
fir were obtained from not more than eight stands for any one species, 
so that his method of approach was necessarily quite different, 
Gevorkiantz and Hosley (4), in their study of the form and develop¬ 
ment of white pine stands in ^Massachusetts, evolved a crown index, or 
measure of diameter of crown in relation to breast-high diameter of the 
tree, which when used in conjunction with the relative length of the 
crown provided a satisfactory basis for estimating form quotient. 

Perhaps the most thorough investigations of variations in bark 
thickness in relation to form-quotient and volume estimation were 
those made by Heijbel {6) for Scotch pine in Sweden. He found 

1 Received for publication June 12,1935; issued December 1935. 

2 Reference is made by number (italic) to Literature Cited, p. 713. 
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that the relative thickness of bark at breast height varied with the 
diameter of the tree, while bark thickness measured at one-tenth of 
total height was constant in all except the smallest size classes. He 
also found that for a given diameter class the shorter trees had rela¬ 
tively thicker bark. Scotch pines of low form class also appeared to 
have relatively thicker bark than those of higher forni class. Heijbel 
proposes that bark thickness and volume determination be based on 
measurements at one-tenth the total height of the tree instead of at 
the fixed breast-height point. 

In the study of the. application of form-class methods to oak in 
Sweden, Hedeby (5) observed that form quotient of standing timber 
might be estimated from either the form point or relative length of 
crowui, but that better estimates were obtained when diameter breast 
high was taken into consideration along with either of these factors. 

In none of the studies reported has multiple-correlation technic 
been employed in attempting to evaluate the effect of various factors 
on form quotient, bark thickness, or butt swell. 

BASIS AND METHODS OF STUDY 

FIELD WORK 
Distribution of Data 

In order to study the effect of such stand factors as age, site index, 
density, and average height upon variations in average form quotient, 
or difference betvreen normal diameter inside bark and actual diam¬ 
eters at breast height, it is necessary to obtain taper measurements 
on enough trees to give a satisfactory average in each of a number of 
stands representing the entire range of conditions to be considered. 
For this reason it was desirable to get samples from as many stands 
as possible, keeping the number of trees in each stand as low as was 
consistent with satisfactory accuracy of the averages. The desired 
degree of accuracy w^as set at a standard error of ±1 unit in the 
average form quotient of the stand. 

Data previously presented (2) and substantiated in this study indi¬ 
cate that the standard deviation of form quotients within a stand 
averages about 4.5 units. On this basis measurements of 20 trees 
are required to obtain an average wdth the desired accuracy of ± 1 
unit. Increasing the number of trees to 30 reduces the standard 
error of the average from 1.0 to 0.82 units, and 40 trees only brings it 
down to 0.71 units, so that the gain in accuracy from the use of a 
larger number of trees must be balanced against the extra time re¬ 
quired for their measurement. 

Primary emphasis was placed on obtaining measurements in stands 
of even-aged second-growth timber, which lends itself much better 
than old grow^th to the evaluation of such factors as age, density, etc. 
Enough data were secured from old-growhh stands, how^ever, to afford 
a basis for studying the extent of variations of form within the princi¬ 
pal types of the region and to indicate average form quotients that 
may prove generally applicable to these types, as w'ell as to establish 
the relation between normal and actual diameters at breast height for 
„ ,tkiiber of this character. 

.'Measurements of 2,070 trees wrere taken in 74 stands scattered 
;;©ver northern New? England and New^ York, covering a wide range of 
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mixture, age, site, and density. In stands in which any of the three 
species under study were present in mixture, samples were taken of 
each species. Except that obyiously deformed or abnormal individ- 
iials were eliminated and an eiffort was made to cover the range of 
sizes present, trees were taken at random in each stand. In addi¬ 
tion, data from 119 trees, measured by Meyer (8) as samples in con¬ 
nection with his study of yield of second-growth spruce and fir in the 
Northeast, were incorporated into this study. The distribution of 
these measurements of 2,189 trees among the various species and 
types of growth is shown in table 1. 


Table 1.- —Basis for statistical analyses of trees 


Type of growth 

Red 

spruce 

White 1 Balsam 
spruce 1 fir 

All 

species 

i 

Even aged—... . . i 

Number , 
664 1 
345 i 

Number 1 Number 
601 ! 347 

232 

Nu Jtiber 
1,612 
577 

Old growth—..... i 

Total... 1 

1,009 

601 579 

2,189 


The ranges of age, site, and density covered by the samples for 
each species from the 74 different stands are shown in tables 2, 3, 
and 4. 

Table 2. —Distribution of sample stajids by age classes 


Age (years) 

Red 

spruce 

White 

spruce 

Balsam | 
fir I 

Age (years) 

Red 

spruce 

. 

White 1 Balsam 
spruce I fir 


Nu mber 

Number 

Number j 


Number 

NumberlNumber 

10-19. 

1 

1 

... 1 

100-109 . 

1 

.! 1 

20-29. 

1 

3 

0 i 

110-119 . 



30-39 . 


9 

4 i 

120-129 


1 

40-19.. 

8 

8 

6 i 

130-139 .. 

1 i 

'.1 i 

50-59. 

3 

3 

1 i 



1 ! 

60-69.-.- 

6 ' 

3 

1 ' 

1 Even-aged stands. 

31 

2S 17 

70-79.. 

5 

1 

I i 

! Old-growth stands.; 

17 j 

' 0 11 


2 



j 




2 

.j.! 


i 48 

IS 1 28 

90-99 .j 


! ^ 

1 Total__j 




Table 3. —Distribution of sample stands by site classes 


Site index ^ 

Even-aged 

C'Id-crowth 

Red 

spruce 

White 

spruce 

Balsam 

fir 

Red 

spruce 

Balsam 

fir 


Number 

Vm mber 

Number 

Number 

Number 

30-34.. 

1 



1 


35-39.—. 

3 


1 

*> 

'2 

40-44—_____ 

5 

2 

5 

2 

*> 

45-49.-. 

9 

7 

2 

2 


5(K54.-.....-. 

8 

9 

2 

6 

5 

55-69... 

i 

6 

4 

! 2: j 

1 

60-64 ... . 

3 

4 

3 

> 2 1 


65-69 , 

1 





Total... 

31 

1 21 

i i 

17 


il 


I Based on average height of dominant trees and red sprnw site-cMssiatation carves of Meyer ( 8 ). Site 
index of stands withont red spruce expressed on basis of red spruce height growth by reducing white spruce 
heights 7 percent and halijam fir heights 9 percent. 
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Table 4. —Distribution of sample stands by total number of trees per acre 



Even-aged 

Old-p’owth 

Trees per acre (number) 

Red 

spruce 

White 

spruce 

Balsam 

fir 

Red 

spruce 

Balsam 

fir 

100-199.... 

Number 

Number 

Number 

Number 

1 

Nwinber 

20(l-299_-.. 


1 


i\ 

2 

300-399_____ 

2 

2 

2 

3 

3 

400-499 .-.. 

4 

3 

2 



500-599 - . _ _ 

3 

2 


1 

1 

€00-699__-.-.-. 

4 

4 

2 

2 

2 

700-799...-___ 

5 

1 

1 

1 

1 

800-899.-____ 


2 

1 

1 

1 

9IX)-999..... 

2 

4 

2 


1,000-1,499".- ..... 

6 

5 

1 

1 

1 

1,500-1,999 . -.-.. 

3 

2 

3 

1 


2,000-2,499 . . 

2 


1 


2,500-2,999__ __ 


1 

1 



3,000-3,999 ..-.-. 


1 



4,000-4,1*99 ... 


1 

_ 




i 


Total.-.- 

31 

28 

17 

17 

n 



Measurements Taken 

In each stand in which measurements were taken a tally was ob¬ 
tained, either on a random strip survey or a rectangular sample plot, 
of the number of trees of each species by diameter classes. De¬ 
scriptive notes covering history and general condition of the stand, 
underbrush, ground cover, soil, slope, injuries, site, etc., were also 
taken. 

On each tree to be measured an estimate of form-point height as a. 
percentage of total height w^as obtained with the aid of a hypsometer 
of the Christen type. Notes of crown class and shape of tip—flat, 
rounded, or pointed—were also made. In stands where the trees 
were being cut, total height and crown length were obtained with the 
tape as soon as the trees were felled; in stands where.no cutting wras 
being done, total height was measured with a Faustman hypsometer, 
and crowm length as percentage of total height was measured with a 
Christen hypsometer. Heights were read to nearest foot. On each 
tree, age w’as obtained either from ring count on stump or from in¬ 
crement borings, usually taken 2.5 feet from the ground. Diameter 
measurements w^ere obtained at stump (if cut), at 2.5 feet from 
ground, at breast height, and at one-twentieth, one-tenth, two- 
tenths, three-tenths, and each succeeding tenth of the stem between 
breast height and top as far as it was practicable to measure. On 
trees that were not cut, the taper measurements w-ere not taken fur¬ 
ther than the seventh tenth above breast height. Measurements 
were taken with diameter tape to nearest tenth of an inch. At each 
point of diameter measurement thickness of bark was ascertained 
either with a hatchet and rule or by the use of a Sw^edish bark borer. 

In a number of ^ stands in which measurements were taken while 
pulpwmod peeling operations were in progress diameter measurements 
inside bark were obtained directly from the peeled stems. In all 
such cases, breast-height diameter outside bark w^as taken and bark 
Ahickness was measured with the borer before peeling to provide a 
check on the accuracy of the bark borer. 
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Accueacy of Baek-Thickness Measurements 

Analysis of 156 measuiements taken on red spruce at time of peeling 
indicated that with the Swedish bark borer the tliickness of bark of 
this species is underestimated, especially in old-growth timber. The 
standard error of the estimate of diameter inside bark from tape 
ineasiirement outside bark reduced by use of the Swedish bark bori^i 
was ±0.16 inch, and the average error was 4-0.07 inch. In S3 cases 
the errors in diameter were positive; in 25, negative; and in 48, no 
erroi’s were indicated. The diameters included ranged from 6 to 23 
inches. 

From 33 balsam fir trees measured in this way no consistent bias 
was observed as a result of the use of the Swedish bark borer. The 
standard error of the inside bark diameter estimates was ± 0.08 inch. 

Because a change from hatchet and rule to Swedish bark borer for 
determination of bark thickness wsls made after the first season’s field 
work in this study, and because considerable differences appeared in 
the bark-tliickness and butt-swell relations obtained from the data 
for the fii’st 2 years, it seemed necessary to investigate the relative 
accuracy of the two methods of measuring bark thickness. 

JMeasurements were obtained on 162 red spruce trees selected from 
a variety of stands in western Massachusetts, including both old 
growth and second grovrth. Diameters outside bark were taken with 
diameter tape. The bark of each tree was fii'st measured with the 
Swedish bark borer at tw’o points as nearly opposite as possible. The 
bark at points of measurement was then notched with a hatchet, and 
an average reading to nearest 0.05 inch was made with a steel rule. 

The difference in double bark thickness wms calculated for each 
point of measurement. These differences w'ere grouped and averaged 
according to the diameters of the trees. 

For the entire sample of 324 measurements the bark borer gave a 
double bark thickness averaging 0.077 inch greater than that given by 
the hatchet and rxile. The difference tends to increase with the 
diameter of the trees, the coeflRcient of correlation being 0.456 ±0.044. 
The average difference does not exceed 0.1 inch of double bark until 
trees are 13 inches d. b. h.,^ and does not account for more than 
one-third of the spread noted in the bark-thickness and butt-swell 
relations of the data for the first 2 years of this study. On the 
whole, therefore, no importance need be attached to the difference 
betw^een the twm methods of measurement. 

It seems quite certain, how^ever, that the borer does give higher 
results than the hatchet and rule. Since it has been showm above 
that even the bark borer underestimates bark thiclmess in red spruce, 
it ma\" be assumed that the bark borer gives the more accurate esti¬ 
mate of actual diameter inside bark. That the borer should be 
superior from this point of viewr is also evident from the fact that the 
bearing of the borer on the bark is directly comparable to the bearing 
of the caliper arm or tape, and the danger of fla,king off is very slight. 
On the other hand, if the object is to get a true picture of actual 
thickness of bark, without respect to diameter measurements, the 
hatchet and rule, when carefully used, may be preferable. It is sur¬ 
prising how strongly the reading of the bark borer is affected by 
projections and irregularities of no real significance in judging actual 


3 Diameter breast high. 
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thickness of bark. Errors and abnormalities all tend to affect the 
reading in the same direction, so that there is no compensation what¬ 
ever except the chance that the borer is not driven to the wood, and 
with careful manipulation there should be no danger of this. With 
the hatchet and rule, however, the bark is exposed in cross section 
for 2 or 3 inches and a reliable figure can be obtained if proper care 
is taken to avoid losing bark scales in chopping. 

OFFICE WORK 

Preliminary Calculations 

A taper curve of diameter inside bark and height above ground was 
plotted for each tree. Wherever the reverse curve of the root swell 
extended above breast height the normal convex curve of the middle 
portion of the stem was continued dowmward to breast height, and 
from tliis was read the “normaP' diameter of the tree. Whenever 
the measurement at half height was clearly erratic or out of line 
with those above and below, it was modified^ by reading a new value 
from the smooth cinwe drawn through the other points. From the 
figures thus obtained the amount of butt swell at breast height, the 
normal form quotient, and the percentile tapers of each tree were 
computed. 

For each separate locality or stand the average age, form quotient, 
form-point height, and average height of dominant and codominant 
trees were computed from the trees measured in that stand. The 
standard deviation of the form quotients of the trees measured in 
each stand was also calculated. For each stand the total number of 
trees per acre, the number of trees more than 3 inches in diameter, 
and the percentage of each species were calculated from the strip 
survey or sample-plot tally sheets. 


Check on Form Curve and Butt Swell Allowance by Localities 


To aid in analyzing errors in volume tables, check the graphical 
elimination of butt swell and obtain fm'ther information upon the 
differences in average form curve in stands of different characters, a 
study was made of the fit of the material from each locality to the 


formula which y is the ratio of the diameter at distance 

X from the tip to the normal diameter at breast height, the distance x 
being expressed as percentage of total height above breast height. 


This formula when converted to the form becomes the 


equation of a straight line. 

For this purpose the percentile tapers of all the trees of each species 
in a locality were averaged and values of xjy w^ere computed for the 
resulting average taper series. These values wmre then plotted xjy 
on X and conformity to a straight line noted. 

The butt-swell eliminations were generally satisfactory, as showm 
by the breast-height point of the averages falling in line, and no good 
reason was found for modifying the graphs of the individual trees in 
the case of a few averages in wMch the results were not exact. There 
is, perhaps, a tendency to overestimate the butt sw'ell in stands of 
vesy low forfn quotient. 
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Tlie fit of tlie form curve in even-aged red spruce was good in 
general, but there was some tendency for the upper sections to fall 
below values given by the formula. The same applied to the old- 
growth red spruce, in which, however, the falling off in the tops was 
somewhat more common and more pronounced. 

The even-aged balsam fir fitted very wrell in general, except in the 
swamp localities where the tops fell below the formula. In old- 
growth balsam fir the form curve varied systematically from the 
formula, the diameters being relatively larger below the mid-point 
and smaller above, resulting in a characteristic S curve for the plotting 
of x/y on X. Since the excess volume below^ the mid-point offsets the 
deficienc}^ above, the effect on cubic volume is of no greater impor¬ 
tance than in the cases of red spruce and even-aged balsam fir, which 
fitted better. 

White spruce, on the whole, fits the formula better than either of 
the other two species. _ With this species the minor variations appear 
to be more or less definitely related to certain stand characters. Old¬ 
field stands fit very w^ell when uniformly stocked. In extremely 
irregular stands the diameters in the tops do not hold up to the 
formula values, and in fully stocked natural second growffh not of 
the old-field type the tops exceed the formula somewhat, except in 
the very young age classes. 

The average taper series for each locality wns then plotted on y 
and the corresponding absolute form factor obtained by planimeter- 
ing the area under the curve. The differences between the actual 
absolute form factors thus obtained and the absolute form factors 
based on the formula corresponding to the average form quotients of 
the localities were then used to evaluate the effect of variation from 
the formula in terms of volume. Significance of errors was computed 
on the same basis as outlined in connection with table 6 of the winter's 
previous paper (2, p, 716), Any error was considered significant 
which exceeded the probable error in volume resulting from normal 
variation of upper diameters within a form-class range of five units 
as calculated for the number of trees in the sample. 

In general the fit was good and the significant volume errors ran 
above 2 percent in onh^ a fewr cases. A summary of the results is 
given in table o. 

Table o.— Number of stand samples exhibiting significant volume errors of various 
magnitudes when measured by formula y~ —^ 7 - 


Significant volume errors (percent 

Even-aged 

Old-growth 

AH 

stands 

Red 

spruce 

W’-hite 

spruce 

Balsam 

fir 

Red 

spruce 

Balsam 

fir 


Number 

Number 

Number 

Number 

Number 

Number 

0.-. 

16 

12 

7 

3 

3 

41 

0.1-1.0.- 

4 

13 

s 

5 

7 

37 

1.1-2.0. 

10 

2 

1 

7 

1 

21 

2.1-3.0.-_.-.-. 

0 

5 i 

1 

2 i 

1 0 1 

, 3 

3.1-4.0..-... 

1 i 

1 

I 0 

0 

1 0 1 

I 2 

Total. 

31 ! 

28 

1 

17 

17 

11 ’ 

j 104 


1 Errors in excess of probable error resulting from normal variation of upper diameters within a form-class 
range of 5 units. 
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Coding and Machine Tabulation for Multiple-Correlation Studies 

To facilitate sorting and tabulating by the use of punch cards and 
Hollerith automatic machines, all the data to be used in multiple 
correlation calculations were coded. Species, localities, types, and 
crowTi classes were given arbitrary numbers to permit sorting on these 
factors, and the values for all the other variables were grouped so 
that the enthe range would be included in frona 10 to 30 code numbers. 

The average height of dominant and codominant trees of red spruce 
at 50 years of age according to Meyer (8) was used as the basis for 
site classification of the various stands. Stands in which no red 
spruce occurred were converted to the red spruce standard by reduc¬ 
ing heights of white spruce 7 percent and of balsam fir 9 percent, 
these factors also having been determined by Meyer ia connection 
with his study of the yield of these species. For coding, the site 
indices were grouped into classes of 2 feet each. 

Average heights of dominants and codominants were grouped into 
classes of 3 feet each. Numbers of trees per acre were coded in 
hundreds, and average ages were coded in groups of 5 years each. 
The standard deviations of form quotients m each stand were grouped 
into classes of 0.2 units each. 

The crown lengths of the individual trees expressed as percentages 
of total height were coded in 10-percent groups. Form quotients 
were throwm into groups of 3 units each, and form points, calculated 
down from tip in percentage of total height, "were grouped by 5 units 
each. Total heights were coded in 5-foot groups, and breast-high 
diameters in even inch classes. Double bark thickness, butt swell, 
and the sum of these tw'O factors were coded directly in tenths of 
inches. 

The procedure outlined by Smith ^ for the solution of multiple 
correlation problems from ptmch-card tabulating-machine data was 
used throughout. In this work each species was kept separate, and 
old growTh was kept separate from second growth. A fist of all the 
data on all the cards was also run off on the machine to be used in 
checking errors in card punching, etc. 

Smithes procedure for obtaining the coefficient for normal equations 
consists of the following steps: 

* 1. Obtain mean of each variable from sum of all values and the 
number of observations. 

" 2. Sort cards on first variable and tabulate the sums of all variables 
by this classification with cmmt of numbers of observations in each 

class. 

3. Multiply sum of each variable by class value of the sorted 
variable and add the products thus obtained. This gives the factors 
sum sum AB, sum AC, etc., from the arbitrary origin 0.0. 

4. Sort cards on second variable, and in same manner as for first 
sorting obtain the factors, sum A5, sum sum BC, etc. 

5. Repeat for all remaitimg variables. 

< Smith, B, B, the rsE of punched* caed tabulating equipment in multiple correlation 
PROBLEMS. U. S. Dept. Agr, 24 pp. 19^. [Mimeographed.] 
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6. For each of the above sortings, multiply sum of sorted variables 
by means of all others. This gives products of the form sum x, 

which is equivalent to Ni^XoPo) since ^ --'• In this notation the 

subscript denotes the mean. 

7. Subtract products obtained in 6 from corresponding product 
sums obtained in 3, 4, and 5. This gives the product sums about 
the means of the variables as origins, and these are the coefficitmts 
needed for the solution of multiple-regression equations. 

The procedure as given by Smith assumes that for any observation 
of one variable there will be corresponding observations of all the 
other variables under consideration. In assembling the data for this 
study there were a number of instances where observations on certain 
of the variables were not available. For this reason it became neces¬ 
sary to modify the calculation of the coefficients for factors involving 
these variables. 

Adjustment op Calculations fok Variables with Incomplete Data 

Using a general notation in which a:—a variable for which a smaller 
number of observations, is available than in the case of y and 
other variables in the study, for which we have N observations, steps 
3, 4, and 5 outlined above will give factors of the form simi xy com¬ 
posed of only products in all cases involving the short variable x. 

For step 6 in the above outline with respect to variable a*, determine 

first the true mean of this variable, which will be Then 

obtain from the machine tabulation in wrhich the sorting was done 
according to x the sums of the other variables for observations actually 
paired with observations of x. Multiply these sums by the actual 
mean of the variable which will give factors of the form 
These are to be subtracted from the products sum xy obtained in 
steps 3, 4, and 5. In order to use the coefficiens thus obtained on 
the basis of iV^ observations in multiple con*elation with other vari¬ 
ables whose coefficients are based on N observations we must assume 
that the magnitude of the coefficients wmuld be proportional to the 
number of observations. The coefficients for all factors involving 

N 

the variable x must therefore be increased by the factor This 

assumption should not involve much danger so long as is not much 
smaller than N. 

If more than one variable is incomplete, special care must be taken 
to use the proper figures in the calculation of the coefficient for the 
product of a pair of short variables. The correct number of cases 
in which the two short variables are actually paired must be ascer¬ 
tained, and this must be used to obtain, in conjunction with the sums 
of the variables m these cases, the true means of the variables, and 
also in making the final adjustment of the coefficient to place it on the 
basis of N observations. 

In the present study this adjustment .had to, be made in the cases 
of crown length and 'form quotient based on' the entire stem, but 
since the latter was not used in the final analyses, it affects only 
those relations in wiiich crowm length appears as a factor. 
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FACTORS OF AVERAGE FORM OP STANDING TIMBER 

VARIABILITY OF FORM QUOTIENT 

Tiie present study substantiates the conclusions drawn in a previous 
paper (2) that a standard deviation of about ±4.5 units will apply 
quite generally as an average representation of the variability of form 
quotients within a stand. The range of variability found among the 
stands measured was quite high, as might be expected with figures 
for each stand based on only 20 trees (table 6). 

Table 6. —Variability of form quotients in stayids 


Type and species 

Stands 

Average of 
standard devi¬ 
ation of form 
quotients in 
stands 

Range of stand¬ 
ard deviation 
of form quo¬ 
tients in stand 

Standard de¬ 
viation of form 
quotients of in¬ 
dividual trees 
from all stands 

Even-aged stands: 

Red spruce. 

1 N'umber ' 
I 31 i 

4.71 

3.0-5.7 

7.52 

White spruce. 

1 28 

4.24 

2.8-6. 6 

7,57 

Balsam fir..... 

! 17 

3.92 

2.3-6.0 

5, 39 

Old-growth stands: 

Red spruce. 

1 

i 16 

4.58 

i 3.2-5. 6 

5.22 

Balsam fir.. 

i “ 

4.80 

j 3.2-6.4 

5. 63 


The variability of form quotients in stands does not seem to be 
associated very closely with any factor which can be readily evaluated. 
The variability tends to decrease as the number of trees per acre 
increases and as age increases. Variability is usually less in stands of 
high average form quotient than in stands of lower average form 
quotient. In the case of even-aged red spruce and balsam fir the 
number of trees per acre has more influence on variability of form 
ciuotients than has age, site, or average height, but for white spruce 
age is the most important factor. 

DETERMINATION OF AVERAGE FORM BY FORM-POINT METHOD 

In the application of the form-class volume-table system in Sweden 
the form-point method has been used for estimating the average foimi 
quotient of the various stands. The form-point method has been 
described in detail by Jonson (7) and outlined by Wright (9) and 
Behre (2). to his previous paper (2) the writer worked out in detail 
the application of the form-point relation for western yellow pine, 
now known as ponderosa pine, and preliminary functions for red and 
white spruce and balsam fir were prepared for use by Meyer (8) in 
connection with his yield tables for these species. Wright (9) gives 
rectilinear form-point relations for white spruce, black spruce, and 
balsam fir, but since in each case these are based on the data from 
only one locality, and since they take no account of curvature, they 
cannot have any general significance. It has been found that species 
differ in their relations between form point and form quotient, so 
that in thii study separate relations were worked out for each of the 
five sets of'data. 

to previous work rectilinear relations have been used even though 
TOHie eurvatui^ Was indicated, but it now appears that the curvature 
IS not only consisl^t in all species and usually of sufficient amount to 
affect materially the accuracy of estimate, but that it is associated with 
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definite growth conditions and, therefore, should be taken into 
accoiint.^ The relation between form point and form quotient in 
general is such that the closer the form point lies to the tip of the 
tree, the higher the form quotient. When averages of a large number 
of trees are plotted, however, it wdll be found that very little if any 
increase in form quotient will accompany a movement of the form 
point closer to the tip than 25 percent of the total height. In fact, 
especially vith white spruce, it vi.ll be found that form points extremely 
close to the tip are often associated with relatively low form quotients. 
In the field it will be observed that trees on which the form point as 
usually defined falls within 15 percent of the tip are commonly tall, 
slim, intermediate trees with thin-foliaged crovns of very limited 
development. These trees are generally closely sheltered by adjacent 
crowns, and the crovn surface presented to the wind is so small in 
comparison with crowns of more nonnally developed trees and in 
proportion to their total area including bole that it ceases to be the 
dominant element in determining form quotient. That relatively low 
form quotients should be associated with the narrow crowns of these 
trees in spite of extremely high form points is in accord with the 
findings of Gevorkiantz and Hosley (4), which indicate that form 
quotient may be estimated accurately from crown length and width. 

The form-point relations are presented in figures 1 and 2, and the 
accuracy of estimates of form quotients from these curves is shown 
in table 7. 

Table 7. —Accuracij of estimates of form quotients from form point 



Standard 
deviation 
of form 
quotients 

Accuracy of estimates 
of form quotient of 
single trees from 
form-point curves 

Standard error 
of estimating 
average form 
quotient of 
stand from 
measurement of 
lorm point on 

20 trees ^ 

Number of trees 
required to 
attain standard 
error of average 
form quotient 
not over ± lunit* 

Type and species 

i 

1 

Stand¬ 

ard 

error 

Aliena¬ 

tion 

index 

Index 

of 

deter¬ 

mina¬ 

tion 

Evemaged stands: i 







Eed spruce.i 

7.52 

5.00 

0, ti6 

0. of. 

l.M 

4S 

White spruce. —..1 

7.57 

5.04 

.67 

. 55 

1 1.47 

: 44 

Balsam fir... i 

5.39 

j 4,28 1 

.79 ! 

.38 ' 

* 1.30 

: 34 

Old-growth stands: 



i 




Red spruce.. 

5.22 

: 4.72 1 

.90 1 

.19 i 

' 1.47 

! 44 

Balsam fir__ 

5.63 

4.52 i 

.80 j 

.36 I 

1.47 

: 44 

1 


i Based on formula sDaxi=^ / f5L±f^ 

V V 

in which— 

0 X 1 =average of observed deviations. 
x=true deviation (-sjOj from table 6, column 3L 
d=error of observation from column 3. above). 

A’^= number of observations. 
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It will be seen from tabic 7 that although the standard errors ^ of 
estimating the iofm quotients of indmdiiai trees from the form-point 
relations vaij less than one unit between the five sets of data, yet 
there-is a big difference in the alienation indices® because of con- 



foms POINT-DISTANCE FROM TIP IN PERCENT OF TOTAL HEIGHT 

FiGrsE 2.—Relation of form quotient to form point in old-growih stands: -1, Eed spruce: B, balsam fir. 

•siderable difference in the initial variability of the'form quotients. 
Thus, although the use of form point reduced the variabiKty of 


s The standard error of estimate is the standard deviation of the ditlerences between the actual values 
of the dependent variable and the corresponding values as estimated from a curve, a regression equation, 
or an alinement chart. It measures the variation about the average relationship in absolute terms, 

_ Alienation indices are used in this study as the.primary measure of correlation. The alienation index 
is the ratio between the standard error of estimate of a dependent variable from any set of independent 

varsnbles and the original variation of the dependent variable; thus When the relation- 

ships are rectilinear the term “alienation coefficient’^ is used instead of alienation index. The alienation 
index is an abstract measure of the degree of relationship. Its chief meiit Is the fact that it gives a direct 
percentage me^ure of the improvement in estimating one factor from any functional relationship in winch 
It may be involved. The index of determination is perhaps a better measure of the proportion of variation 
of the dependent variable whieli is as^^ociated with the independent factors which have been included in 
any problem. The Index of determination is the square of the index of correlation and its relation to the 
alienation index is_sueh Uiat CP~hAP=l, In this paper indices of determination are given in each table 
amng wnth alienation mdiees, in order to facilitate interpretation, no matter which measure the reader is 
accustomed to use. 
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e:>ti 2 iuU'e of individual form quotients about one-tliird in the case of 
eveii-a^irei! red spruce and white spruce it fails to account lor tnore 
than one-ten til of the error of estimate ^ of form quotients in old- 
srom'th red spruce. On the other hand, it has been found (table 6) 
that the variability of form quotients in any single stpd of old-growth 
red spriifo will be about 4.6 units. The total variabilit^t of ail the 
oid-growth red spruce data was only 5.22 units, which, being so near 
4.6, Indicates that there could not have been any great difference in 
the average form of the various stands measured as compared^to the 
even-aged stands, the data from which showed a total variability of 
7.52 units. 

With these species, just as with ponderosa pine (^), form point 
must be iiieasiired on approximately 45 trees in order that the standard 
error the average form quotient be kept down to ± 1 unit. 

DETERMINATION OF AVERAGE FORM FROM STAND AND TREE FACTORS 

One of the principai objects of this investigation was to find out by 
statistical means whether form quotient was associated closely enough 
with any of the characters of the stand or of the trees so that it could 
be derived from measurements that are usually obtained during the 
course of a cruise or tally of a sample plot. Tins would eliniinate the 
necessity for introducing a new conception like the form point, which 
requires special attention in the field and is not subject to exact 
determination even when well understood. 

The characters of the stand that lend themselves to mmierical evalu¬ 
ation for this purpose are site index, average height, number of trees per 
acre, and age. Average height of dominant and codominant trees 
and number of trees 3 inches and more in diameter were selected as 
the best measures for expressing height and density respectively. 
For purposes of studving form, basal area per acre is of little value as 
an indication of density because, at a given age, density and average 
form may vary widely without much change in total basal area. 
Basal area tends to remain constant because an increase in average 
size accompanies reduction in number of trees per acre. Number of 
trees 3 inches and more in diameter was found by statistical tests to 
be superior to total number of trees per acre for form studies, probably 
because it eliminates the comparatively large number of smaller trees 
in young stands that have ceased to exert any real influence on 
development of the future stand. 

^ The measurable tree characters that may affect form quotient are 
diameter, height, length of crown, width of crown, and crown class. 
In planning tins study it was thought that width of crown would be 
impraetical to rneasure in the field, because of irregularity of crown 
oiitline, interlacing of adjacent crowns, and inaccessibility or in¬ 
visibility of points of measurement, so no data were obtained on 
tills factor. In the light of subsequent work in northern w^Mte pine 
by Gevorkian tz and Hosley ( 4 ) indicating the usefulness of crown 
mMh Bieasureinents in conjunction with crown or dead length, it is 
If be re^efted that these measurements were omitted. 

Analysis of Tree Factors 

caleulations invohdng various combinations of both 
anci tree characters were used as a means of determining how 
:;'eick,muBiericalIy measured factor is related to form quotient and 
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which of these factors have significant influence on the variation of 
form quotients among the individual trees. From multiple-regres¬ 
sion equations ^ involving all the variables and affording some pre¬ 
liminary idea of the relative weight of each factor, it appears that 
diameter breast high, height, crown length, and site are the most 
important factors 

Multiple correlations invohung form quotient and the four factors 
mentioned above were computed for the even-aged material and 
corrected for curvature by the method of Bruce and Keineke (S). 
The alienation indices and indices of determination are given in table S. 
They represent the highest practical degree of accuracy that may be 
attained in the estimation of form quotient of individual trees. They 
mean that diameter breast high, height, crown length, and site to¬ 
gether may account for 64 percent of the variability of individual 
form quotients in even-aged red spruce, for 66 percent in white 
spruce, and for 42 percent in even-aged balsam fir. More than a 
third of the total variability of form quotient is apparently associated 
with other factors and probably is not readily suscei)tible to numerical 
evaluation. 

Table 8 .— Accuracy of estimates of form quotients from individual ire j factors 


Factors with which form f 4 uotieut is correlated 


Type and species 

Diameter breast 
high, height, 
crown percent, 
and site index 

Crown percent 

Diameter and 
height 

Diameter, 
height, and 
crown percent 


Aliena¬ 
tion 
index i 

Index of 
deter¬ 
mina¬ 
tion 2 

Aliena¬ 

tion 

index 

Index of 
deter¬ 
mina¬ 
tion 

Aliena¬ 

tion 

index 

Index of 
deter¬ 
mina¬ 
tion 

Aliena¬ 

tion 

index 

Index of 
deter¬ 
mina¬ 
tion 

Even-aged stands: 

Red spruce.- 

0.60 

0.64 

0.69 

0.53 

0.73 

0.46 

0.64 

0.59 

White spruce... 

.58 

.66 

.62 

.61 

.64 

.59 

.58 


Balsam fir.- 

.76 

.42 

.81 

.35 

.81 

.34 

.76 

.42 

Old-growth stands: 

Red spruce... 


1 

.88 1 

1 ! 

I . 23 

.90 

.20 

.80 

‘ .36 

Balsam fir___ 



.75 

.44 

.88 

.23 

.75 

.44 





1 


1 

2 CP. 


Study of the regression coefficients ® and curves of net regression« 
in the several multiple correlations worked out show that diameter 


■ Rectilinear functions fitted to the data by the method of least squares. Multiple regression equations 
express the function of a dependent variable in terms of any number of independent variables, without 
allowing for curvature in any of the individual relationships. They take the general form i/-aji+ 6 z 2 -f 
CX 3 + - . . -|-iV. 

*= In a regression equation of the form |(=a.Ti+ 6 r 2 +cx 3 + . . . +A', the constants a, 6 , c, etc., are the re¬ 
gression coefficients of the several variables. The relative weight cf each variable is indicated in a rough 
way by the size of these coefficients in relation to the absolute values of the different variables. Obviously 
the value of y in the regression equation will he more strongly infiuenced by a variable with a large regres¬ 
sion coefficient than by one of about the same absolute value with a low- regression coefficient. On the 
other hand, a low regression coefficient for a variable of large absolute values may have more weight than 
a large regression coefficient for a variable which never attains a high absolute value. But only a crude 
idea of relative weight may be obtained from the regression coefficients and absolute values because the 
rectilinear equation may distort badly the actual influence of any factor in respect to which the relationship 
is curved. 

9 Net regression of any independent variable in multiple correlation is the relation between that variable 
and the dependent variable when the other independent variables are held constant at their means. Net 
regression curves are obtained by plotting the residuals of estimates of the dependent variables from the 
multiple regression equation around the original net regression line for each variable. The slope, degree 
of curvature, and closeness of fit of the net regression curves afford some indication of relative w^eight of the 
variables and may be used to supplement a study of the regression coefficients. 
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and Iieiglit liave substantially greater weight than the other factors 
but, iiaviiig opposite signs, tend to compensate. This compensation 
is especially significant because there is a close association between 

diameter and height. 

Examination of the deviations from the net regressions of form 
quotient on height indicate that form quotient increases rather rapidly 
with height imtil trees are about 40 feet tall, after which there is little 
further increase except in the case of white spruce, where it continues 

at a lower rate. 

Data sorted by diameter classes show form quotients to be at a 
mpimiim at about 7 inches diameter in even-aged stands and at 8 or 
9 incdies in old growth. In the even-aged data the slope away from 
the maximum in either direction is relatively steep, each inch of 
diameter indicating a decrease of from 1 to 2.2 units of form quo¬ 
tient. In the old-growth data this decrease is much more gradual. 
The same tendencies appear in the plotting of deviation from the net 
regression of form quotient on diameter in multiple correlation with 
other variables. 

^ This indication of a definite correlation between form quotient and 
diameter deserves further consideration, because previous work (S) 
had indicated that within stands the correlation between diameter 
and form quotient was so slight that an average form quotient could 
!)e safely used for the entire stand. 

In order to study this point further, it was necessary to coiTelate 
dtn'iations from mean form quotient with deviations from mean 
diameters within stands rather than to consider the association of 
form qiiotient with diameter breast high for the entire mass of mate- 
liaL Since the trees ineasured in each stand were arbitrarily selected 
to cover the range of sizes and crown classes exhibited rather than to 
give a weighted average for the stand, it was deemed advisable to use 
approximate median values as the basis for this calculation rathei 
than the average of the trees that happened to be included in each 
stfiiid sample.^' A coHiposite sample of 5 to 10 stands taken at random 
from Jhe available data was used for^each species. In each case a 
significant but small negative correlation was obtained. The results 
arfysimiiiiarized in table 9. Although only 4 to 19 percent of the 
vaimtion of the individual form quotients, as*^ judged bv the coefficients 
of cletermination, is associated with the size of the trek with reference 
to the medians for each stand, yet there will generally be a range of 
tj to 15 units between the average form quotient of the smallest trees 
m a stand and the average of the largest. This is consistent ,with 
^tnghfs findings (9)^ although the differences he observes are'exag-' 
geratecl by the fact that root swell at breast height low^ers the form 
C|!iot!ents of the larger size classes abnormally in Ms calculations. 

if deviations from mean form quotient in each stand are 
averagecl by crown classes there appears a definite tendency for the 
doiiHiiant trees to be lower in form quotient than either codominant 
oi'* iruf^nnediate treifs. Suppressed trees also average lower than inter- 
nictliaieN. f>ut not generally as low' as the dominants. This tendency 
IS most proziouncecl in red spruce wdiere there is a range of betw'een *2 
and :> form rpiotient between the dominant and codoiiiinant 

or intermecliate^ trees in i>otli old growth and second growTM It is of 
no sigjiiiic!aiii‘e in wiiite spruce, w'here the range is onlv about 1 unit 
01 lorm quotient. 
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Table 9. —Correlation of form quotient with diameter within stands 



Coeffi¬ 
cient of 
correla¬ 
tion 

Standard 

Coeffi¬ 
cient of 
determi¬ 
nation 



Approxi¬ 
mate range 
of average 
form quo¬ 
tient by 
diameter 
classes 

Basis 

Type and species 

error of 
coefficient 
of correla¬ 
tion 

Aliena¬ 
tion co¬ 
efficient 

Regres¬ 
sion co¬ 
efficient 

Stands 

Trees 

Even-ayed stands: ; 

Red spruce_J 

-0.439 ! 

±0.057 

0.193 ^ 

0.S9S 

-1.131 

15 

Xu rnber 
10 

Xttmber 

200 

White spruce_! 

J -.377 ! 

±. OSl 

.142 ; 

.926 

! -. 825 

9 ’ 

10 

201 

Balsam fir.- _1 

-.415 1 

±. 0S3 

.172 

.910 

-1.124 

6 

5 j 

100 

Old'growth stands: 
Red spruce_! 

! -.420 1 

±.0S2 

.176 

.908 

—. 668 

12 ' 

5 

100 

Balsam fir___! 

i 

; -.205 1 

±.081 

. 042 

.979 

-.668 

6 

5 

139 


If tlie Mta are sorted by crown classes mtlioiit respect to the 
indmdual stands, this tendency appears to be more pronoxmced, 
dominant trees averaging from 3 to 5 units lower in form quotient 
than intermediate trees, with the codominant class generally between 
these extremes. In no case, however, does consideration of crown 
class reduce the variation of form quotients more than 5 percent. 

The variation of form quotients within stands is also associated 
with differences in the crowm lengths of the individual trees. T\Tien 
deviations from median form quotients witliin stands are correlated 
with deviation from median crown percentages, it is found that the 
longer the relative length of crown the loW'Cr the fonn quotients 
(table 10). For red spruce and white spruce the trees with shortest 
crowns w^l average 7 to 8 units higher in form quotients than those 
with the longest crowms in the same stand. With even-aged balsam 
fir this relation has no significance, while in old-growth balsam fir 
it is much more definite than on either of the other species. This is 
interesting wrhen considered in relation to table 9, in which old-growth 
balsam fir shows the least significant relation with diameter. 


Table 10. —Correlation of form quotient and crown percent within stands 




Standard 
error of 
coeffi-' 
cient of 
corre¬ 
lation 



1 

Appro.x- 

imate 

Basis 

Types and species 

Coeffi¬ 
cient of 
corre¬ 
lation 

Coeffi¬ 
cient of 
deter¬ 
mination 

. 1 

Alien¬ 

ation 

coeffi¬ 

cient 

Regres- ; 
Sion ! 
coeffi- i 
eienf | 

range of 
average 
form 
quotient 
by crown- 
percent 
classes 

Stand.s 

■ Trees 

Even-aged stands: 

Red sprace. 

-0.307 

; ±0.061 

0.135 i 

0.930 

1 

-0.161 1 

Form quo- \ 
tknt unifs [ 
7.5 i 

Num¬ 

ber 

10 i 

Num¬ 

ber 

m 

White spruce.^ 

375 

i ±.061 

.141 

.927 

106 ■ 

8.0 

10 i 

201 

Balsam fir. 

-.110 

±.099 

.012 

.994 

-.045 : 

1.5 

5 

100 

Old-growth stands: 
Red spruce. 

-.302 

±. 090 

.091 

.953 

-.134 ! 

7 

5 

‘ 102 

Balsam fir_ 

-.450 

±.068 

.203 

1 .893 

-.147: 

6 

0 

i i 

139 


Crown percent is the only factor showing any appreciably crude 
correlation with form quotient w^hen all the data for each species are 
thrown together ; and indeed when the function is curved (figs. 3 and 
- 4) the resmt' is slightly better than w^hen estimates of form quotient; 
are based on diameter and height together (table 8), and about the 
,same as that obtained by the use of form point (table 7)/,,; Wright (9) 

■ 367991-35 - 2 ' 
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'fieuKiJ:.—SAtioa of tmm quotient of Inilvidnal tr^ to eroirii lengtli in eTen-aged stands.- A, Eed 
spma; B, wMte spnioe; C, balsam fir. 
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and Hedeby ip) also concluded that relative length of crown afforded 
as satisfactory a basis for estimating form quotient as the form point. 
Form quotients generally reach a maximum in trees with crown 
lengths about 40 percent of total height. With crowns longer than 



LENGTH OF CROWN IN PERCENT OF TOTAL HEIGHT 

Figube 4.“-Relation of form quotient of individual trees to crown, length in old-growth stands; ^4, Red 

spruce; B. balsam fir. 

this there is a definite and steady decrease of form quotient and, just 
as was the case for trees vith extremely high form points,^ form 
quotients average less than the maximum when crown length is less 
than 30 to 40 percent of total height. 
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From estimates on the basis of diameter, height, and crown percent, 
it will be seen (table S) that, for wdiite spruce and balsam fir, the 
results are just as good as when four factors were used, and that for 
red spruce they are within 4 percent of that accuracy. It wmuld 
seem, therefore*^, that the fourth factor, site index, might be dropped 
as inmng little influence on form quotient bejmnd that which may 
be inTolved in the diameter-height-crown length relationship. What- 


D. 



L» 


Fmirm 5,—Aliseraent: eliart for estimating form quotient of red spruce in even-aged stands from diameter, 
lieight, and crown length of individuai trees. 

mm influence site index may have appears to cause trees on poorer 
sites to average higher in form quotient than do those on the better 
sites* That there is such a relationship is e^ddenced by the fact that 
estimates of form ^quotient based on diameter, height, and site index 
are almost as satisfactory as those based on diameter, height, and 
crown percent, especially in the case of even-aged red spruce, but it 
'las not seemed possible to break down the interrelations between tlie 
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various factors to show definitely which elements may be the more 
fund a mental. 

Alinement charts for estimating form quotient from diameter, 
height, and crown percent are given in figures 5-9, and data indicating 



Fuu'Re O.—Alinement chart for estimating: form quotient of white spruce in even-aged stands from diameter 
height, and crown length of individual trees. 


the accuracy of estimates from these charts are given in table 11, 
The results are somewhat better than those obtained by the form- 
point method (table 7) or from crown percent alone (table 8), but to 
obtain an average stand form quotient with standard error not over 
± 1 unit still requires the measurement of about 40 trees. 
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r,ti SET 0 AND H, HOLD A. 

SETC. READ FQ. 

Figcee 7.— Alinement cliart for estimating form quotient of balsam fir in even-aged stands from diameter, 
height, and crown length of individual trees. 


Table 11. —Accuracy of estimates of form quotient from diameter breast high^ height y 

and crown percent 



Standmd 

Accuracy of form quotient 
estimates of individual trees 

Standard error 
of average form 

Trees required 
to attain stand- 

Type and species 

deviation 
of all form 
quotients 

Standard 

error 

Aliena¬ 

tion 

inde.v 

Index of 
deter¬ 
mination 

quotient of 
stand based 
on estimate 
of 20 trees 1 

ard error of 
average form 
quotient not 
over ±1 unit - 

Even-a^ed stands: ' 

Eeu spruce,.,. ' 

7 . 52 ! 

4.81 

0.64 

0.59 

1. 51 

Kumber 

46 

White spm». ‘ 

T.57 i 

4.39 

.58 

.66 

i 1.36 

38 

Baimns fir,—. . 

^ 5.39 

4.10 

.76 

,42 

1 1- 27 

33 

Old-growtk stands: 

Kedsprw ... 

; I 

i 5.22 i 

1 4.19 

.80 

.36 

1 1.39 

39 

B'fclsaaii fir... 

1 5.63 1 

1 i 

1 4.24 

* i 

.75 

.44 

i 1.43 

1 

42 


SJ} ' in which— 

* Ba«d on formula 3' 

«t»*avei^e of observed deviations, 
xw true, deviation C^J9» from table 6, (»luinn 
4=*'«xar of ol^vationC^fJld from column S above), 
number of otsKwations. 
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Figure's— Alinement chart for^stimating form quotient of red spruce in old-growth stands from diameter, 
height, and_a:own length of individual trees. 


length of crown in percent of total HEIGHT 
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To siiiiiiiiarize tliese observations: It appears that variations in 
form cjiiotieiit individual trees are more closely dependent upon 
crown ieiigtli tliuii upon any other single factor and may be estimated 
on this basis just as well as b3"‘ the form-point method. A more 
accurate estimate of form c|uotient may be obtained by considering 
diameter and height in conjunction with crown percent, and results 

D. 



key; set d and h,hold a. 

SET C,READ F.Q. 

Figure S.-AliBement ehart for estimating form quotient of balsam fir in old-growth stands from diameter, 
height, and crown length of individual trees. 

of about the same degree of accuracy may be obtained by using 
diameter, height, and site index, 

itliin the individual stands there is a slight but definite tendency 
for the larger trees or those with larger crowns to average lower in 
form cpiotient than the smaller ones or those wnth short crowns. 
Accuracy of estimates may, therefore, be sHghtly increased by sub- 
diyidnig the stand on the basis of size or crown length. But since 
tins reiationsliip is not very definite and since there is a compensation 
in that absolute form factom are not exactly proportional to form 
quotients |x 7 $ 1 }^ it mil seldom be necessary to apply this refine¬ 
ment 111 practice. ' ■ - rr.. 
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ANALYSIS OF STAND FACTORS 

Since an average form quotient will generally be used for all the 
trees in each stancl, it is desirable to investigate what association may 
exist between the characteristics of a stand and its average form 
quotient. Such a relationship may be more convenient to use than 
to estimate form quotient from a number of individual trees. 

Because of the strong relationsliip alread}^ sho\ra between crown 
percentage and form quotient, it is natural to suppose that the average 
form quotient of the stand would be closely associated with its rela¬ 
tive crown length, which might well be measured as the average crown 
percent of the dominant and codominant trees. From table 12 it will 
be seen that 56 to 60 percent of the standard deviation and 81 to 84 
percent of the variance of average form quotients of even-aged stands 
is associated with average crown percentages. The residual variation 
does not seem to be associated with either age, number of trees per 
acre, site index, height, or average diameter. The number of old- 
growth stands for which data are available is too small to 3 deld any 
statistical expression of results, but for old-growth balsam fir only 1 
of the 6 available stands varies more than 2 units of form quotient 
from a straight line fitted to the data. For old-growth red spruce, 
however, the points are more scattered although a similar trend is 
indicated. 

T.\ble 12 .—Accuracy of estimate of average form quotient of even-aged stands from 
average crown percent and from age and number of trees per acre more than S 
inches in diameter 


Species and number of 
stands 

Standard 
deviation 
of average 
form quo¬ 
tients 

Accuracy of estimates of aver¬ 
age form quotient from aver¬ 
age crown percent 

- 

Accuracy of estimates of aver¬ 
age form quotient from age 
and number of trees per acre 

Standarc 

error 

1 Aliena- 
jtion index 

Index of 
determi¬ 
nation 

Standard 

error 

Aliena¬ 
tion index 

Index of 
determi¬ 
nation 

Red spruce, 31.' 

6.32 i 

2.51 

1 0.40 

0.84 

2. So 

0.-45 

o.so 

White spruce, 27_ i 

6.60 1 

2.75 

1 .42 

.82 

3. 53 

.53 

. 72 

Balsam fir, 15-. -i 

3.92 j 

1 

1.71 

i .44 

.81 

1 1.62 i 

.41 

. 83 


Further anah^sis of the even-aged material hj Bean's method of 
graphical multiple correlation ( 5 ) shows that the average form 
quotient is also definitely coiTelated with age and number of trees 
per acre. Age is the more important factor, especially in earlier 
3 mars of life. Up to about 70 Amars of age the average fomi quotient 
in even-aged stands of spruce and fir is increasing rapidly. After 
that time red spruce and balsam fir show little, if any, change in 
form, whereas in white spruce form quotient continues to rise but 
at a slower rate. Wright {9) states that form quotient increases 
with age up to about 50 years. The average form quotient also 
increases as the number of trees per acre of more than 3 inches in 
diameter increases, up to about 1,200, Beyond this density no 
increase is noted; in fact, in the case of balsam fir there is a slight 
tendency for stands with more than 1,200 trees per acre to have 
somewhat lower form quotients. Wright (9) also observed an increase 
of form quotient with density (basal area) within certain limits. 
Little improvement in accuracy is attained wdien average height or 
site index are taken into consideration. 
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Alinement charts for estimating ayerage form quotient from age 
and number of trees per acre of more than 3 inches in diameter are 
given in figures 10, 11, and 12. 

That variations in age and number of trees per acre reflect approx¬ 
imately the same condition as variations in average crown percent is 
evidenced by the fact that residuals from form quotients estimated 
from crown percent do not appear to be correlated at all with either 
age or number of trees per acre, and that estimates of form^ quotient 
from age and number of trees per acre can be only slightly improved 
by consideration of average crown percent. 

Although these measures appear less accurate (table 12) than 
those based on characteristics of individual trees (compare standard 
errors of estimate with those in table 7 and table 11), the indices of 
determination are fairly high and it is probable that they will be 
just as satisfactory in practice. 

Tor the many-aged and mixed stands of old growth characteristic 
of the sprace-fir forests, average crown percent is the only one of 
these factors having any significance, and, as already mentioned, the 
relation between form quotient and crown percent is not clear-cut in 
old-growth red spruce. How^ever, the old-growth stands included in 
this study, as already pointed out (p. 682), show a relatively restricted 
range of variation in average form, and study of the characteristics 
of the individual stands reveals a fairly distinct grouping which 
should make it possible to assign each stand encountered in the field 
to its proper form class by inspection and without any measurements. 
Thus, old-growth red spruce falls into t-wo groups as follows: 

F. Q. 73 applies to old-growth red spruce in closed stands quite 
generally, whether pure or in varying mixtures with hardwoods. 
Swamp types with long narrow crowms and drooping branch habit 
(black spruce) also fall into this group. 

T. Q. 70 applies to heavily culled or broken stands of spruce and 
hardwoods covering a wide range of sites and mixtures. 

With old-growth balsam fir the distinction indicated for red spruce 
does not seem to hold, but all the stands group themselves around 
F. Q, 67, wdiich may be taken as a general average, or average crown 
percent may be used to get a closer estimate. 

This association of fairly constant average form quotient with 
easily recognized stand characteristics applicable over wide areas, 
is in accordance with previous observations of the writer (2) for 
ponderosa pine and of Wright (9) for northern white pine and black 
spruce. It should be noted that since Wright made no allowance for 
butt swell in the calculation of individual form quotients, it is not 
inconsistent that he should assign slow-growing black spruce to F. Q. 
68, %vhereas the writer, having corrected for butt sw’-ell, places these 
stands in the F. Q. 73 group. 

GOMPAKATIVE FORM OP SPECIES 

In studying the conditions in the wide variety of stands included 
in this investigation, it soon became apparent that there were certain 
sigmficant differences in form between the three species studied under 
identical stand conditions. The differences in question are not those 
arising from slight variations in type of stem form referred to under 
Check on Form Curve and Butt Swell Allowance by Localities 
(p. 675), but rather represent differences in form quotient or relative 
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taper with. t.he basic stem form essentially similar. Such differences 
are best illustrated by a comparison of the average form quotients in 
mixed stands. 

Red spruce and balsam fir occur together quite generally in mixture 
with hardwoods in the old-growth stands of the region. "Red spruce 
and balsam fir are also found quite frecpiently together in even-aged 
second growth. White spruce is absent from old-gimvth stands and 
occurs almost entirely in the even-aged old-fieki stands of second 





20-1 

FiarRE 12.—Alineiiient chart for estiniating average form quotient of even-aged stands of balsam lir from 
ape of stand and'number of trees i.^r acre over 3 inches d. b. h. 

grovrth. It is most commonly found in pure stands, but when in 
mixture is more frequently accompanied by balsam fir than red 
spruce. 

Me^^er (S) observed that red spruce would average considerabh-^ 
shorter in height than either balsam fir or white spnice iii_ even-aged 
mixtures. When average form quotients are considered it is found 
that red spruce rims about 4 units of form quotient higher than either 
white spruce or balsam fir. The dhference between red spruce and 
balsam fir is maintained in old growth as w'ell as in even-aged second 
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row til* altlioiigli both species will average higher in foiiii quotient 
■*11 old growth. Balsam and white spi’uce do not diner appieciaoly 
in f 01 Ill quotient when occurring together. 

These difihrences are substantiated by examination ol the charts 
showing the relations beUveen form quotient and form point, crown 
percenh or diameter, height, and crowm percent together. For the 
range of form points, crowm lengths, and sizes most commonly occur¬ 
ring, the red spruce charts will indicate form quotients higher than 
either balsam fir or wiiite spruce. In the case of c.harts based on the 
stand factors (age and number of trees per acre) no appreciable 
difference is apparent betw^een red spruce and w^hite spruce, although 
values for balsam fir run low-er and appear consistent with the other 
tests cited. 


FACTORS OF BUTT SWELL AND BARK THICKNESS 


The accuracy of estimate of standing timber from volume tables is 
influenced by variations in bark thickness and butt sw’-ell of the timber 
in question as weU as by variations in average form quotient. It is 
important, therefore, to attempt to find out what factors are related 
to variations in bark thickness and butt swell. This is especially 
important w^here basic form-class tables, such as those advocated by 
the wuiter, presuppose the elimination of butt sw^ell from the “normal” 
diameter at breast height. For the use of such tables some basis is 
needed for reducing actual diameter breast high measurements to 
normal diameters. But even w^hen the basic taper tables do not 
assume the elimination of butt swell, it is necessary to reduce outside 
bark measurements to inside bark diameters, and, since it should 
prove feasible to combine aUoW'ance for butt sw’-ell with the bark- 
thickness reduction, no extra work is involved in the first instance. 

In this study an attempt was made to analyze bark thickness and 
butt swell at breast height independently. Coefficients of multiple 
correlation w'^ere worked out for each of these with diameter, height, 
form quotient, crown length, crown class, age, number of trees per 
acre, and site index. 

BUTT SWELL 


^ In the case of butt swell only a small proportion of the total varia¬ 
tion can be accoimted for by these numerical factors, and practically 
aU the variation so accounted for is associated with diameter, the 
larger trees, of course, having the most butt swell at breast height. 
Variations in butt swell are much m,ore closely correlated with size 
in old-growrih stands than in second-growrih stands, but this might be 
expected from the fact that the second-growth data were intentional]y 
gathered from stands covering as wide a range of conditions as possible 
and were, therefore, much more heterogeneous than the old-growth 
data. Consideration of crown percent or form quotient may slightly 
improve estimates of butt swell from diameter alone, but this is not 
ckar-ciit or consistent in all cases. 


The rectilinear alienation coefficients and coefficients of determina¬ 
tion brought together in table 13 illustrate the various relationships. 
Only in the case of old-growth red spruce has it been possible to 
aoconnt for more than 18 percent of the standard deviation of butt 
mm. Althowh these coefficients do not represent the full effect 
Of corwiation between diameter and butt swell, because definite ciirva- 
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ture is present in the case of even-aged white spruce, old-growth red 
spruce, and old-growth balsam fir, still it is apparent that most of 
t^ variance is associated with differences in hereditary characteris¬ 
tics, or with differences in individual situation or anchorage which are 
not susceptible of num.erical evaluation. 

Table 13 .—Correlation of butt swell at breast height with various factors 


Even-aged stands | Old-growth stands 


Factors with 
which butt swell 
is correlated 

Ked spruce 

White spruce 

Balsam fir 

Eed spruce 

Balsam fir 

Aliena¬ 
tion co¬ 
efficient 

Coeffi¬ 
cient of 
deter¬ 
mina¬ 
tion 

Aliena¬ 
tion co¬ 
efficient 

Coeffi¬ 
cient of 
deter- 
mina • 
tion 

Aliena¬ 
tion co¬ 
efficient 

Coeffi¬ 
cient of 
deter¬ 
mina¬ 
tion 

Aliena¬ 
tion co¬ 
efficient 

Coeffi¬ 
cient of 
deter¬ 
mina¬ 
tion 

Aliena¬ 
tion co¬ 
efficient 

Coeffi¬ 
cient of 
deter¬ 
mina¬ 
tion 

All numerical fac¬ 
tors_ 

0.85 

0,28 

0.86 

0.26 

0.90 

n IS 

0. R.S 

0.60 

0.82 

0.33 

Diameter breast 
high alone_ 

.88 

.22 

.92 

.15 

.95 

.09 i .67 

. 55 

.85 

.28 

Diameter breast 
high and crown 
percent_ 

.88 

.22 

.91 

.18 

.94 

. 12 

.66 

.56 

.84 

1 

,29 

Diameter breast 
high and form 
quotient. 

.88 

.23 

.92 

.15 

.94 

.12 

.67 

. 55 

i .83 

i 

! 

1 .31 

! 


The amount of butt swell in relation to size of trees is shown in 
figures 13 and 14. It is about the same in even-aged red spruce and 
white spruce. The diameter at breast height becomes affected 
slightly in the 3-inch or 4-inch class, but the amount of butt swell 
does not exceed 0.2 inch on the average until the trees get beyond 
the 12-inch class. The amount of butt swell appears to increase 
sharply for the larger trees, but the data are not strong enough to fix 
its trend very definitely. In even-aged balsam fir the amount of 
butt swell in relation to size of trees is only about half of what it is 
for red and white spruce, and in fact may be almost disregarded as it 
will seldom exceed 0.1 inch as an average for any of the size classes 
attained by this species. 

The butt swell of old-growth timber is substantially greater than 
that of even-aged stands for both red spruce and balsam fir. In both 
cases, starting with trees about 5 inches in diameter, the rate of in¬ 
crease is at first gradual, but becomes quite rapid for trees above 
12 inches in diameter. For this size class, butt swell vdll average 
about 0.4 inch for red spruce and 0.3 inch for balsam fir. For the 
24-inch class the breast-high diameter of old-growth red spruce is 
enlarged about 2 inches by butt swell. ^ 

Some additional points on the behavior of butt swell were obtained 
by a detailed check of preliminary form-class volume tables prepared 
/ from data used in this study. The percentage of total tree volume 
represented by butt swell as determmed by the technic used'® appears 
to be fairly constant in trees of all sizes in the case of even-aged white 

The diSerence between total tree volumes, including butt swell, and “normal” volumes was obtained 
by planimetering charts of cross-sectional areas plotted over height above ground. For the normal volumes, 
the diameters used were obtained by prolonging the normal convex curve of the main portion of the stem 
to the ground line as described in Preliminary Calculations (p. 674). For the full volume mcludmg butt 
swell it was necessary to prolong the butt swell by eye down to the 1-foot point, because no measurements 
had been taken below 2.5 feet aboveground. The stump was considered a cylinder below the 1-foot point. 
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Figure 14.—Relation between butt swell and diameter at breast height in old-growth stands; Red A, 

spruce; By balsam fir. 
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spruce and balsam fir, averaging about 2 percent for tbe former and 
IK percent for the latter. In the case of even-aged red spruce, 
however, it increases from 0 for 2-inch trees to 5 percent for 16-inch 
trees. When analyzed by localities it appears that the percentage of 
normal volume represented by butt swell decreases as average form 
quotient of the stand increases, and increases slightly with age, 

BARK THICKNESS ^ 

When bark tliickness is analyzed in similar fashion it is found that 
a much larger proportion of the total variation is associated with the 
numerical factors than was the case with butt swell. In the old- 
growth stands and in the case of even-aged red spruce practically all 
the variation which can be accounted for is associated with diameter, 
but vdth even-aged white spruce and balsam fir there is a substantial 
margin associated with other measurable factors. ^ 

By considering age or site index along with diameter a close ap¬ 
proach to the total possible reduction of variation is made in all cases, 
but the effect of these factors does not appear to be consistent. In 
the case of white spruce, site index is the most effective factor aftp 
diameter, wdiile age has very little influence. On the other hand, in 
the case of even-aged balsam fi,r, age accounts for nearly all the 
possible reduction of variation not associated with diameter. 

To indicate the various relationships, a number of rectilinear 
alienation coefficients are presented in table 14. 

Table 14. — Correlation of bark thickness at breast height with various factors 


Even-aged stands 


Old-growth stands 


Factors with 
which bark thick¬ 
ness is correlated 

Red spruce 

White spruce 

Balsam fir 

Red spruce 

Balsam fir 

Aliena¬ 
tion co¬ 
effi¬ 
cient 

Coeffi¬ 
cient of 
deter¬ 
mina¬ 
tion 

Aliena¬ 
tion co¬ 
effi¬ 
cient 

Coeffi¬ 
cient of 
deter¬ 
mina¬ 
tion 

Aliena¬ 
tion co- 
efB- 
cient 

Coeffi¬ 
cient of 
deter¬ 
mina¬ 
tion 

Aliena¬ 
tion co¬ 
effi¬ 
cient 

Coeffi¬ 
cient of 
deter¬ 
mina¬ 
tion 

Aliena¬ 
tion co¬ 
effi¬ 
cient 

Coeffi¬ 
cient of 
deter¬ 
mina¬ 
tion 

All numerical fac¬ 











tors.. 

0.55 

0.70 

0.50 

0.75 

0-54 

0.71 

0.51 

0.74 

0.63 

0.60 

Diameter breast 











high alone.. 

.58 

.66 

.62 

.62 

.76 

.42 i 

.55 

.70 

.66 

.56 

Diameter breast 

1 










high and age_ 


.68 

.62 

.62 

.57 

.67 ' 





Diameter breast 

j 










high • and site 

i 










index. 

{ .56 

.68 

.56 

.69 

.68 

.53 

.55 

.70 

.66 

. 56 


^ The net effect of age on bark thickness is positive, i. e., for trees of a 
given diameter class the older the tree the thicker the bark. The net 
effect of site index is generally negative, i. e., other things being equal, 
trees on better sites will have ttunner bark than those on poor sites. 

The bark thickness at breast height of even-aged red spruce appears 
to bear a constant relationship to size, averaging 7 percent of the 
outeide bark diameter. For old-growth red spruce, bark thickness in 
relation to diameter decreases with increasing size of trees. Up to 
about 10 inches it is approximately the same as in even-aged stands, 
tending, however, to be slightly higher than 7 percent for the smaller 
trees; but it falls off in the larger sizes so that it is only 5.3 percent in 
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the 244nch class. This is probably the result of a sloughing off of the 
scaly outer bark from the old trees more rapidly than new layers are 
added from within. 

In balsam fir the bark thickness in relation to diameter is greater for 
aU sizes in the case of old-growth timber than for even-aged second 
growth. Unlike that for red spruce, the curve for old-growth balsam 
fir maintains a constant relation to diameter, while the curve for even- 
aged second growth falls off slightly with increase in size. This situa¬ 
tion is probably due to the difference in bark character of the two spe¬ 
cies. The smooth bark of balsam fir does not slough off, so a constant 
relation to size is maintained in the older stands. For old-growth 
balsam fii‘, the bark thickness at breast height is maintained at about 
5.8 percent of the outside bark diameter for all sizes, while in even- 
aged stands it drops to about 4 percent for 12-inch trees. 

The bark thickness of white spruce is about the same as that of red 
spruce in the very small size classes, but it becomes relatively less be¬ 
tween 5 and 10 inches in diameter and maintains a lower ratio in 
the larger sizes. It constitutes about 6.3 percent of the diameter 
breast high in the 6-inch class and 5.2 percent in the 12-inch class. 

These relations are illustrated in figures 15 and 16, in which it will 
be seen that white spruce is about midway between balsam fir and red 
spruce in respect to bark thickness. By comparison with figures 18 
and 14 it is also evident that the amount of butt swell affecting breast- 
high diameter is never more than half the double bark thickness in 
trees of these species less than 12 inches in diameter. Butt swell 
becomes more important than bark thickness only in the case of old- 
growth red spruce larger than 17 inches d. b. h. 

TOTAL REDUCTION OF DIAMETER BREAST HIGH FOR BARK THICKNESS AND BUTT 

SWELL 

Study of each of the factors affecting butt swell and bark thickness 
having shown that variation in each factor is chiefly associated with 
variation in diameter breast high, it should be feasible to provide a 
basis for making allowance for both of these elements together, Tliis 
should be the most practical procedure, since it is the sum of bark 
thickness and butt swell at breast height which affects the accuracy of 
the apphcation of any volume table rather than either of these 
elements alone. 

The relation of total reduction for butt swell and bark thiclmess to 
diameter at breast height is shown in figures 17 and 18. It will be 
seen that there is less curvature than was the case in the plotting of 
each element separately, because the curvatures of butt swell and 
bark thickness are in opposite directions and therefore tend to com¬ 
pensate. 

The standard errors of estimate from these curves and the cor¬ 
responding alienation indices and indices of determination are shown 
in table 15. It appears that the total reduction of breast-high 
diameter can be estimated from diameter breast high alone, with a 
standard e.rror not exceeding 0.2 inch in all cases except that of old- 
growth red spruce, yet the correlation is considerably closer in the 
case of old-growth red spruce than in any of the other sets of data. 
Conversely the closest estimate is obtained in the case of even-aged 
balsam fir where the correlation is lowest. 
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Ficuee 15.— between bark thickness and diameter at breast height in even-aged 
spruce; B, white spruce; C, balsam fir. 
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PiCFi8i7.^'itelalSon of total reduction of diameter breast high for bark thickness and butt swell to diameter 
breast high in even-aged stands: .4, Red spruce; R, white spruce; C, balsam fir. 



TOTAL REDUCTION OF D.B.H. {iNCHEs) 
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DIAMETER BREAST HIGH (iNCHEs) 

PiouEE IS.—Relation of total reduction of diameter breast high for bark thickness and butt swell to diame¬ 
ter breast high in old-grow'th stands: -1, Red spruce; B, balsam fir. 
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Table 15 .—Accuracy of estimaies of total reduction of diameter breast high for hark 

thickness and butt swell 


Type and species 

Standard 
deviations 
of total re¬ 
ductions 

Accuracy of estimate of total 
reduction 

Standard error 
expressed as 
percentage of 
mean diame¬ 
ter breast high 

Standard error 
expressed as 
percentage of 
volume of 
individual 
trees 

Standard 

error 

Aliena¬ 

tion 

index 

Index of 
determi¬ 
nation 

Even-aged stands: 

Inches 

Inches 



Percent 

Percent 

Red spruce. 

0.34 

0.20 

0.61 

0.63 

2.6 

5.3 

White spruce - .. 

.27 

.19 

.71 

.50 

2.4 

4.8 

Balsam fir,,.. 

.17 

.14 

.80 

36 

2.0 

4.0 

Old-growth stands: 







Red spruce - .. 

.76 

.39 

.51 

.74 

.3.5 

7.0 

Balsam fir_ 

.32 

.21 

.66 

-50 

2.4 

4.7 


Since the influence of other factors was indicated in a general way 
in the discussion of butt swell and bark thickness, and since so much 
of the variability that can be accounted for is related to diameter 
breast high, it seemed desirable here to study the residuals from the 
curves of total reduction on diameter breast high rather than to use 
multiple correlation directly. 

In the case of even-aged red spruce and white spruce there is a 
definite tendency for the difference between diameter breast high 
and normal diameter of trees of the same size class to be greater on 
poor sites than on good sites. But site index did not show any signifi¬ 
cant relationship in the old-growth stands or in even-aged balsam fir. 
Even in the case of even-aged red spruce, where the effect is most 
pronounced, the accuracy of estimate is increased less than 2 percent 
(a reduction of the alienation index from 0.61 to 0.59). 

For even-aged balsam fir there is a definite relation with age that 
is not apparent in either of the other species. Balsam fir trees of the 
same size show a greater difference between diameter breast high 
and normal diameter in old stands than in younger ones. Trees of 
the same size would therefore have lower volumes in old stands than 
in younger ones, provided their form quotients were similar. But 
since form quotient tends to increase rapidly with age (p. 693) the 
effect of age on volume is compensating. The improvement of 
estimate of the total reduction of diameter breast high in even-aged 
balsam fir when age is taken into consideration amounts to about 
16 percent, the alienation index being reduced from 0.80 to 0.64. 

The relative significance of variations in bark thickness and butt 
swell as compared to variation in form quotient can be judged froni 
the effect of each of these elements on estimates of tree and stand 
volume. Table 16 compares standard errors in tree volumes associ¬ 
ated with the estimation of form quotient with those associated with 
estimates of butt swell and bark thickness. The former are 1.5 
times the standard errors in estimation of form quotient from diame¬ 
ter, height, and crown percent (table 11), since a xmit of form quotient 
is roughly equivalent to 1.5 percent of volume. The latter were 
derived by the approximate method of assuming the standard error 
expressed as percentage of diameter breast high to be equal to the 
standard error in inches (table 15) divided by the mean diameter of 
the trees in the sample, and then multiplying by 2, since it has been 
previously shown that volume errors will be double the percentage 
emrs in diameter' (B, p. 780). 
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Table 16.— Standard errors in estimation of volume of individual trees 


Even-aged stands ^ Old-growth st-mds 

Source of error 

Red , White ' Balsam | Red ■ Balsam 

spruce i spruce i hr ; spruce , fir 

Estimate of form quotient from diameter breast ^ 
high, height, and crown percent.-..i 

Percent ' Percent ; Percent PtrUTit ■ Perctnf 

7.2 1 6. f> 5,2 f). 3 1 ij. 1 

1 1 

0.3 ' 4. S : 4.0 : 7.0 j 4.7 

Estimate of butt swell and bark thickness from dia- 1 
meter breast high___..... 


Ill the estimation of individual trees variations in butt swell and 
bark thickness give rise to smaller volume errors than variation in form 
quotient except in the case of old-growth red spruce. But in inter¬ 
preting these figures it must be borne in mind that volume tables are 
used to obtain aggregate volume of groups of trees or of stands and 
cannot be expected to give great accuracy for individual trees. 

The standard error in volume of an entire stand associated with 
variations in butt swell and bark thickness would be reduced regu¬ 
larly in proportion to the square root of the number of trees talked. 
But, if average form quotient is determined by any basis suggested 
in this paper or by actual measurement of a sample of trees, the 
standai'd error associated with variation in form quotient will never 
be reduced by more than the square root of the number of trees used 
in such determination, which is not likely to exceed 50. 

It therefore appears that the spread between volume errors from 
these two sources would increase as the number of trees tallied in¬ 
creased. It seems quite certain that with these species, as was found 
to be the case with ponderosa pine (^, p, 757), the determination of 
average form quotient is a more important source of error than 
allowance for butt swell and bark thickness, but the latter approaches 
the former in significance in the larger sized old-growth timber. 

CONCLUSIONS 

When this study was commenced, it was believed that some adap¬ 
tation of the form-class system of volume tables as developed in 
Sweden w"ould prove superior to conventional tables based on diam¬ 
eter and height alone, since form-class tables take definite cogni¬ 
zance of differences in taper. The feasibfiity of obtaining the theo¬ 
retical benefits of the form-class system in practice depends upon the 
soundness of the application of a single average form quotient to the 
entire stand, and upon ability to estimate the average form quotient 
satisfactorily' and to determine the amount of bark thickness and 
butt swell. Furthermore, the superiority of tables derived by the 
form-class system will depend upon the extent to which the deter¬ 
minations of average form quotient and of the reduction of diameter 
breast high to normal diameter are superior to those that might be 
made from diameter and height, 'which are accounted for in tables of 
the conventional sort. 

In this study of red spruce, white spruce, and balsam fir, variations 
in bark thickness and butt swell could not be consistently correlated 
with any factor other than diameter. This means that, so far as it 
will be practical to allow for this element, volume tables of the usual 
sort would be just as satisfactory as form-class tables. 
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In the analysis of variations in form quotient, also, diameter and 
height showed up as the most important factors. To the extent that 
variations in form quotient are associated with differences in diam- 
eter and height, conventional volume tables, if properly constructed 
and based on truly representative data, will automatically take care 
of the form-quotient problem. A measure of the superiority of form- 
class tables in respect to proper allowance for variations in form 
quotient may be obtained by a comparison of volimie errors when 
form-quotient estimates are based on diameter, height, and crown 
percent (the most accurate and practical basis for evaluating form 
quotient developed in this study) with those which arise when form 
quotient is estimated from diameter and height alone, as is in effect 
the case with conventional tables. Measures of the accuracy of 
estunate of form quotient on these two bases are given in the last 
two lines of table 8, but they will have more meaning if expressed in 
percentage of volume, as in table 17. 


Table 17.— Companso7i of volume errors associated with different methods of 

evaluating form quotient 


Type and sjiecies 

Standard error in 
estimating form 
quotient from 
diameter breast 
high, and height^ 

i 

Standard error in 
estimating form 
quotient from 
diameter breast 
high, height, and 
crown percent i 

Improve¬ 
ment 1 

Even-aged stands; ' 

Percent 

Percent 

Percent 

Red spruce.-__i 

S.3 

7. 2 

1.1 

White spruce.-__I 

7.3 

6.‘6 

. 7 

Balsam fir......' 

6.6 

6.2 

.4 

Old-growth stands: ! 




Red spruce...1 

7.0 1 

6.3 

. 7 

Balsam fir____| 

i 

7.4 1 

6.4 

1.0 


‘ Expressed as perc-entaj^e of volume. 


It will be seen that even in this element no practical method of 
applying the form-class system yet devised offers prospect of giving 
more than 1 percent greater accuracy than might be expected from 
conventional tables for the species in question. 

It may be argued further that, to the extent that form quotients 
within stands vary with size of the trees, the form-class system will 
be less accurate than conventional tables, since in the former a single 
average form cpiotient is usually applied to the entire stand whereas in 
the latter the form quotient varies automatically according to diameter 
and height. 

On the whole, therefore, it may be concluded that in final applica¬ 
tion the form-class system must be on much the same footing as other 
voliiine-table methods, because diflferences in taper which can be 
evaluated in any practical way are so largely reflected in the diameter- 
height relationships. Methods of form-class analysis, however, still 
offer definite advantages in a more adequate and realistic technic, 
in reduction of nuniber of trees required for reliable tables, in sim¬ 
plicity of compilation of tables in various units of product or stand¬ 
ards of utili^zation, and in the possibilities for analytical comparison of 
diffemni species or of timber of the same species under different growtJi 
conditions. In the latter field there is the greatest opportunity for 
future study and progress. 
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SUMMARY 

Intensive study of the variation of form quotients and of bark 
thickness and butt swell has been undertaken to provide a clearer 
understanding of factors involved in the application of volume tables, 
with special reference to the use of the form-class system as developed 
by the writer in a previous paper. The study is based on measure¬ 
ments of 2,189 trees of red spruce, white spruce, and balsam fir 
covering a wide range of sizes, ages, densities, sites, and growth con¬ 
ditions in the Northeast. Punch-card machines were used in the 
manipulation of the data; and methods of multiple curvilinear cor¬ 
relation, as developed by Bruce and Reineke, were used in the 
analyses. 

After graphic elimination of butt swell at breast height, the taper 
measurements for each locality were found to conform quite satis¬ 
factorily to the formula for the stem curve: Significant 

volume errors exceeded 2 percent in the case of a few samples only. 
White spruce gave the best fit. With red spruce the upper sections 
frequently fell belo\v the formula, especially in old-growth stands. 
Even-aged balsam fir w^as similar to red spruce in fit, but in old-growth 
balsam fir diameters below' the midpoint w'ere consistently larger and 
those above the midpoint consistently smaller than the formula, 
with the effect on cubic volume tending to compensate. 

The standard deviation of form quotients within the stands averaged 
not far from ±4.5 units, which conforms to conclusions of previous 
work; but the variabihty was not closely associated with any of the 
factors wiiicli can be readily evaluated. However, the variation 
appeared to decrease with an increase of density, age, or form quo¬ 
tient. 

The relation between form point and form quotient differed with 
each species and w^as not rectilinear. Although higher form quotients 
were generally associated with an increase in relative height of form 
point, very little if any increase in form quotient occurred after the 
form point went above 75 percent of the total height. In fact, tall 
trees with crowns of limited development often had relativel}^ low 
form quotients. 

Measurement of form point on about 45 trees is required to limit 
the standard error of the average form quotient to ± 1 unit. The use 
of form point has very little significance in old-growdh red spruce and 
balsam fir. 

A study of form quotients of the individual trees indicates that 
more than a third of the total variability of form quotient is associ¬ 
ated wuth factors not included in this study and x^robably not readily 
susceptible to numerical evaluation. Of the numerical^ factois 
studied, diameter breast high, height, length of crowm, and site index 
wxre the most important. Diameter and height appeared to have 
the greatest W'eight, but, these factors having opposite signs and being 
closely correlated, their effect w’-as compensating. Form quotient 
increased rapidly with height until the trees were about 40 feet tall, 
after wRich there w^as little further increase. On the other hand, 
form quotients W'ere at a maximum in trees about 7 inches in diameter 
and decreased steadily with increase in diameter. This negative 
correlation betw^een diameter and form quotient, slight but significant, 
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appeared within indiTidual stands as well as for the data as a whole. 
Similarlyj within stands, dominant trees averaged lower in form 
quotient than codominants or intermediates and, as might be expected 
from this, trees with long crowns had lower form quotients than those 
with short crowns. 

Length of crovui is the only factor showing any appreciable^ crude 
correlation with form quotient when all the data for each species are 
thrown together. Form quotients generally reached a maximum in 
trees with crown lengths about 40 percent of total height. Estimates 
of form quotient can be made from length of crown with about the 
same accuracy as from form point. 

Although trees on poor sites generally averaged higher in form 
quotient than those on better sites, the influence of site appeared to 
be absorbed in the diameter-height-crown^ length relationships. 
Alineinent charts have been prepared for estimating form quotient 
of individual trees from diameter, height, and crown percent. Even 
using these three factors, about 40 trees are required to keep the 
standard error of the average form quotient down to ± 1 unit. 

The average form quotient of even-aged stands increased rapidly 
up to an age of 70 years or a density of 1,200 trees per acre more than 
3 inches in diameter, but beyond these points, little if any further 
increase took place. Alinement charts for estimating average form 
quotient of a stand from its age and density have also been prepared. 
Just as with individual trees, average form quotient can also be 
correlated with average crown length of dominant and codominant 
trees, and there is evidence that variations in average crown length 
are reflected and expressed approximately by the variations in age 
and number of trees per acre. For old-gi’owth stands it appears 
that a single average form quotient may be safely applied upon in¬ 
spection for certain easily recognized conditions of growth. 

Where the species occurred in mixture, red spruce ran about four 
units of form quotient higher than either white spruce or balsam fir. 
Balsam fir and white spruce did not differ appreciably in form quo¬ 
tient when occurring together. 

The amount of butt swell at breast height tended to increase with 
increase in diameter, but only a small proportion of the variation of 
butt sw^ell can be accounted for by analysis of the numerical factors. 
A larger proportion of the variation in bark thickness can be accounted 
for, and this too is directly related to diameter. In trees of the species 
studied less than 12 inches in diameter, butt swreU never amounted to 
more than half the double bark thickness. It exceeded bark thick¬ 
ness only in the case of old-growth red spruce larger than 17 inches 
diameter breast height. 

Butt swell as determined by this study averaged 2 percent of the 
total tree voliune in even-aged white spruce and IJi percent in even- 
aged balsam fir, regardless of size, while in even-aged red spruce the 
percentage of volume increased steadily, reaching 5 percent for trees 

Ifl inches in diameter. 

^ For practical purposes butt swell and bark thickness may be con¬ 
sidered together. The total reduction of breast-high diameter can 
be estimate from diameter breast high alone, wdth a standard error 
not exceeding 0.2 inch in all cases except that of old-growth red 
spruce, yet the correlation is considerably closer in the case of old- 
growth red spruce than in any of the other sets of data. Although 
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there is some indication that the difference between diameter breast 
high and normal diameter is greater on poor sites than on good sites 
in even-aged red spruce and white spruce, little increase in accuracy 
of estimate can be obtained from consideration of this factor. In 
even-aged balsam fir the reduction of diameter breast high to normal 
diameter is definitely related to age, but the effect this would have on 
differences in volume for trees of the same size in stands of different 
ages tends to be offset by the fact that form Cj[uotients increase 
with age. 

The determination of aveiage form quotient is clearly shovm to 
be a more important source of error in the estimation of volume of 
standing timber of the species studied than allowance for butt swell 
and bark thiclmess, but the latter approaches the former in significance 
in the larger sized old-growth timber. 

Since so much of the variation in form quotient, bark thickness, 
and butt sw^ell that can be accounted for is associated with diameter 
and height, form-class volume tables afford little advantage in actual 
use over properly constructed tables of conventional form. How¬ 
ever, methods of form-class analysis do possess several technical 
advantages and offer good opportunity for analytical comparison of 
different species or of timber of the same species under different 
growth conditions. 
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THE RELATIONSHIP OF CERTAIN LEGUME MOSAICS TO 

BEANi 


By W. J. Zaumeyer, associate 'pathologist^ and B. L. Wade, associate geneticisiy 

Division of Fruit and Vegetable Crops and Diseasesj Bureau of Plant Indusirpy 

United States Department of Agriculture ^ 

INTRODUCTION 

Since the virus of the common mosaic disease of bean {Phaseolus 
vulgaris L.) is seed-borne, the disease is widely distributed. Previous 
investigators {6, 11 ^ ISf have shown that the amount of seed trans¬ 
mission of the virus varies; primary infected plants seldom produce 
more than 50 percent of infected seeds, and secondary infected plants 
produce an even smaller percentage. Notwithstanding the low 
percentage of seed-borne mosaic in most lots, the disease often be¬ 
comes so wide-spread in the field, especially among the susceptible 
varieties, that all the plants may be infected by the end of the growing 
season. 

Common bean mosaic is not equally severe in all sections of the 
country, which indicates, among other things, that climatic conditions 
may not be equally favorable for the manifestation of symptoms and 
that the agencies transferring the virus may be more numerous in 
some bean-growing sections than in others. There also may be hosts 
harboring other viruses that may be infectious to beans. 

It has frequently been demonstrated and is generally understood 
that under field conditions the disease is spread by means of aphids 
from infected to healthy plants, but it has been doubted whether this 
is the sole source of virus transfer. Field observations have indicated 
that the source of some of the infection came from mosaic-infected 
legumes, both cultivated and wild. In some of the irrigated sections 
of the United States it was repeatedly observed that bean mcjsaic 
appeared more severe in the early part of the season along the borders 
of the field adjacent to fence rows, irrigation ditches, or roadways, 
which were often overrun with weeds, including several legumes. In 
a number of instances, 15 to 20 percent of infection was found in the 
outermost rows whereas only a trace was observed in the center of the 
field. This difference in severity of infection may have been due either 
to large aphid populations coming from the weeds transmitting 
certain of the related legume viruses to bean, or to the spreading of the 
common bean mosaic from one bean plant to another. 

During the course of cross-inoculation studies with virus diseases of 
certain leguminous hosts it was noted that the virus extracts of some 
of these diseased hosts when inoculated to the bean produced symp¬ 
toms unlike those of the common bean mosaic. It was shown that the 
viruses causing the mosaic diseases of pea {Pismn satimm L.), white 
clover (Trifolium repens L.), alsike clover {T. hybridum L.), white 
sweetclover {Melilotus alba Desr.), yellow sweetclover {M, officimlis 

1 Received for publication Apr. 27, 1935; issued December 1935. 
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(L.) Lam.)j alfalfa {Medkago sativa L.), and sweet pea (Lathyms 
odoratiis L.) are all transmissible to bean, whereas tbe virus producing 
the mosaic of red clover {Trifolium pratense L.) is not. Although a 
careful examination of the symptoms produced by the viruses of these 
legumes on bean reveals specific differences, the viruses from 'white 
clover, white sweetclover, yellow sweetclover, and alsike clover when 
inoculated to beans may produce under certain conditions symptoms 
that resemble the typical mottled and chlorotic symptoms of the 
common bean mosaic. 

It is enthely probable that in the several legumes there may be 
present other mosaic viruses that may react differently from those 
reported here, notwithstanding symptomatological similarity. Fur¬ 
thermore, viruses from other mosaic-diseased legumes not included 
here may also produce on beans symptoms different from any so far 
reported. 

In some cases certain viruses were inoculated only to the Stringless 
Green Kefugee variety to determine their infectiousness. The viruses 
of pea, wliite clover, white sweetclover, alfalfa, and red clover mosaics 
were studied in some detail; those of alsike clover, yellow sweetclover, 
and sweet pea mosaics were not. 

This paper describes the symptoms of these legume mosaic diseases 
on their normal hosts, together 'with the symptoms produced by these 
viruses when inoculated to bean, and compares differences in varietal 
reaction of the several legume mosaic diseases on bean varieties and 
other leguminous hosts 'with those of the common bean mosaic. Data 
on the comparison of the properties of these viruses are also given. 
An unknown wus obtained from a hybrid bean is compared with the 
common bean mosaic as to symptomatology and varietal susceptibility 
and resistance on a number of different bean varieties. 

PREVIOUS INVESTIGATIONS 

The early literature records fe'w data regarding types or strains of 
the bean mosaic virus or the transmissibility of other legume mosaic 
viruses to bean. The early 'work of Keddick and Stewart (15, 16, 17, 
18), Pierce and Hungerford {18), Fajardo (6», 7), and Nelson {11) 
dealt with the common bean mosaic merely as the disease affects the 
bean plant itself. 

Numerpus reports of mosaic diseases of other leguminous plants are 
recorded in the literature. Elliott (5) proved the existence of a 
mosaic disease of sweetclover and red clover and. .showed the virus to 
be infectious to these two hosts as well as to Medicago arabica (L.) 
Hiids. and Vida faba L. Dickson {S) reports successful reciprocal 
iiiocidations between the viruses of a number of clover mosaic dis¬ 
eases, but obtained negative results when cross inoculations to pea 
and bean were made. Carsner {2) proved that "' the virus causing 
curly top of sugar beets was infectious to beans. Doolittle and 
Jones (J) reported the transmission of a virus of garden pea to red 
clover and s'weet pea. Boning (i) described a mosaic disease of 
broadbean {Vida faba) whose virus was infectious to peas, crimson 
clover, and red clover. Wingard {21) showed that the tobacco ring 
spot virus was infectious to beans as well as to certain other legumes. 
Merkel (10) attempted to classify the bean mosaic into three typ^^'s 
on the basis of symptomatology, and concluded that the mosaic dis- 
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eases of a number of Leguminosae which he examined were caused 
by the same virus. Fajardo (6) was unable to infect beans with the 
viruses from certain leguminous hosts and suggested that the mosaic 
disease of bean is perhaps specific to the bean plant. Price (14) 
showed that the tobacco mosaic virus was mfectious to beans^ pro¬ 
ducing local lesions on certain varieties. Weimer (19, M) reported 
on a mosaic disease of alfalfa and its transmissibilityy but did not 
record any cross-inoculation studies. Nelson [11) reported a virus 
disease of beans as being different from the common bean mosaic, and 
gave it the name of rugose ” mosaic. Zaumeyer (22) and Zaumeyer 
and Wade (24) recently reported on the transmissibility of a number 
of different legume mosaic diseases to bean and pea and showed 
that they were not the same as the common bean mosaic. Pierce 
(12) described another virus of bean which he stated is different from 
the common bean mosaic and which he designated as yellow bean 
mosaic. 

MATERIALS 

SOURCES OP VIRUSES 
Bean Mosaic 

The virus of the common bean mosaic used in the experiments was 
collected from diseased seedlings of the Stringless Green RefugeCy a 
variety very susceptible to the disease. 

Pea Mosaic 

One of the pea mosaic viruses was secured from infected D-warf 
Telephone peas grown in southeastern Colorado in 1931. The virus 
extract from such plants when inoculated to bean produces typical 
and striking systemic mosaic symptoms, which are described later. 
This disease of pea, although difficult to distinguish on the basis of 
symptoms from the common pea mosaic, is distinct from it, and for 
the sake of clarity it will be referred to as pea mosaic virus 2, and 
that of the common pea mosaic as pea mosaic virus 1. Other pea 
mosaic material used for comparative purposes w^as collected in Mary¬ 
land, Virginia, Montana, Cahfomia, and Idaho. The lesions pro¬ 
duced on beans from the material collected in Mar 3 dand were simi¬ 
lar to those produced with the Colorado material, while the pea 
mosaic from the other States was similar to pea mosaic virus 1. 

White Cloter Mosaic 

This virus was secured from material collected in the District of 
Columbia, Virginia, and Colorado. The reaction of the viruses from 
these three sources was identical; however, the experimental data 
presented in this paper are based on the virus from Virginia. The 
* virus extract from tliis mosaic material produced both systemic and 
local lesions on certain bean varieties. 

x4lsike Clover Mosaic 

This mosaic material was collected near Rosslyn, Va., m the fall of 
1933. Its difference from white clover mosaic was established by the 
reaction of Robust, Great Northern Idaho No. 1, and Corbett Refugee 
varieties. 
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White Sweetclover Mosaic 

}^lost of tlie specimens of tliis mosaic were collected in Maryland^ 
but some were collected in Virginia, Colorado, and Wisconsin.The 
results obtained from all of these samples were identical. 

Yellow Sweetclover Mosaic 

This vmis was obtained from material collected near Rosslyn, Va., 
and Greeley, Colo. From the data obtained, it appears that this virus 
is identical ’^vith the virus of wliite sweetclover mosaic. 

Alfalfa Mosaic 

The alfalfa mosaic described by Weimer (19, 20) was collected by 
him and sent to the writers in the fall of 1932. Other mosaic speci¬ 
mens were collected in Virginia and reacted identically with those of 
Weimer. As reported, this mosaic produces local necrotic lesions on 
beans. Pierce (12) later describes similar lesions produced by an 
alfalfa virus which he states appears to be distinct from the mosaic 
on the same species described by Weimer (19, 20). 

Red Clover Mosaic 

The red clover mosaic vhus was collected from diseased plants near 
Rosslyn, Va. It is believed that this virus is the same as the one 
described by Doolittle and Jones (4) as being infectious to garden 
peas and sweet peas. 

Sweet Pea Mosaic 

This virus was extracted from infected plants collected in Colo¬ 
rado. It produced systemic infection when inoculated to beans and 
appears to be distinct from the mosaic described by Doolittle and 
Jones (If). 

Bean Mosaic Virus 3 

During the summer of 1932, in the examination of a large number 
of hybrid bean strains at Greeley, Colo., a very mild mosaic symptom 
was noted on a few plants of a hybrid in the F 7 generation between 
the Wells Red Kidney and Stringless Green Refugee varieties, a 
cmss tolerant to the connnon bean mosaic. This virus produces 
distinctly different symptoms from those produced by the common 
bean mosaic on the susceptible bean varieties and is referred to here 
as bean mosaic virus 3 . 

sources op beans and other legumes 

The bean varieties used in the experimental work, the results of 
which are presented in the various tables, came from a number of 
sources. Many of them were furnished by reputable seed firms and 
others were grown by the vrriters. The Stringless Green Refugee 
used, principally in these studies was grown by the writers, either 
mder cloth or carefully rogued for mosaic. Corbett Refugee was 
furnished by the bioux City Seed Co. This variety originated from 
% single pl ant selection of Stringless Green Refugee and is resistant 

* Prom Dr, R- A. Brink, University of Wisconsin, Madi®>n, Wis. 
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to the cominon bean mosaic. Great Northern Idaho No. 1 was se¬ 
cured from the Idaho Agricultural Experiment Station. It is also 
resistant to the bean mosaic and is a selection from the commercial 
Great Northern bean. The Division of Forage Crops and Diseases, 
Bureau of Plant Industry, United States Department of Agriculture, 
furnished seeds of other leguminous hosts. 

METHODS 

Previous investigators have reported difficulty in obtaining high 
percentages of infection with the common bean mosaic vims. Success 
ill transmitting the disease depends on a number of conditions, such 
as the age of the plant to be inoculated, the age of the infected plant 
from which the virus is extracted, and the method of applying the 
inoculum to the plant. An abrasive such as quartz sand in the in¬ 
oculum used by some other workers was not employed in these ex¬ 
periments because of the severe injury it causes to the inoculated 
plant. The inoculum wus secured by grinding infected leaves in a 
mortar. ^Ylien large quantities of the virus were desired, infected 
plants were passed through a meat grinder before extraction of the 
Aurus. The juice was then strained through a piece of cheesecloth 
and a little of the pulp was enclosed A\uthin a small square of cheese¬ 
cloth and used as a pad for inoculation. In all cases the inoculations 
were made immediately after extraction, since most of the legume 
Auruses lose their Aurulence rapidly outside the host. 

The small pad saturated in the inoculum was applied to the upper 
surface of each primary leaf vith brisk rubbing. Plants were inocu¬ 
lated when the primary leaA^es were fully expanded and the trifoliate 
leaves just unfolding. A block of wood about the size of the leaf to be 
inoculated was placed under it as a support, and before the block was 
used a small amount of the inoculum was rubbed on it.^ By rubbing 
the upper leaf surface with the pad saturated in the inoculum, the 
lower surface was slightly injured from the pressure against the sup¬ 
porting block. In tliis manner the inoculum was applied to both sur¬ 
faces of the leaf, resulting in a relatively high percentage of infection. 

SYMPTOMS 

The mosaic disease commonly found on beans produces a large 
mmiber of variable symptoms depending to a large extent on the vari¬ 
ety infected. Even within a variety the symptoms may show de- 
cicled variations. In such cases symptomatology alone would not be 
suitable for recognizing the identity of possible strains of the autos. 
Since the other legume mosaic Auruses (pea A^irus 2, Avhite clover, Avhite 
sAveetclover, alfalfa, and bean virus 3) Aviien inoculated to bean pro¬ 
duce symptoms that are distinctly different from the common bean 
mosaic as well as from one another, they can be separated on a basis 
of symptoms alone. There is a distinct A-^arietal behaAUor of these 
Auruses on beans, but the susceptible varieties alAvays produce symp¬ 
toms typical of the particular Aurus. Varieties more tolerant to the 
seA-eral Auruses produce slightly different symptoms. The suscepti¬ 
bility or resistance to the mosaic Auruses reported here of Corbett 
Refugee, Great Northern Idaho No. 1, and Robust resistant to the 
common bean mosaic appears to be an important feature in the differ¬ 
entiation of these Auruses. 
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The descriptions of the symptoms produced by the viruses from tlie 
five different hosts are based on the symptoms as they occur on the 
Striiigless Green Eefugee beans. In a few instances they are de¬ 
scribed on Corbett Eefugee and Kobust. 

COMMON BEAN MOSAIC 

The symptoms of the common bean mosaic are variable, depending 
somewhat on the variety infected, the age of the plant, and the en¬ 
vironmental conditions under which the plants are grown. Affected 
leaves show, in general, various degrees of mottling and chlorosis, 
downward cupping of the laminae, which gives an arched appearance 
to the leaflet, puckering, and blistering (fig. 1). Mosaic-infected leaves 
may be smaller than healthy ones and very much contorted. Fre¬ 
quently leaves show a darker green area along the midrib and lateral 
veins (fig. 1, C and H), together with varying degrees of mottling 
from only slight to almost complete yellowing (fig. 1, A). On the less 
susceptible varieties a ruffimg or crinkling (fig. 1, B) of the leaves is 
characteristic of the disease, and this may be accompanied by a gen¬ 
eral clilorosis of the leaf ^vith pronounced venation (fig. 1, G). Under 
greenhouse conditions the symptoms on these more tolerant varieties 
are usually not striking, but under field conditions severe infection 
may cause a stunting of the plant and reduction in leaf area. 

PEA MOSAIC 

It has been pointed out that there are at least two distinct forms of 
pea mosaic. In many respects the symptoms of the two forms are 
similar to each other and difficult to differentiate, but in other respects 
they may differ more widely. Both forms appear on the leaves and 
stipules and are first characterized by a faint mottling, the infected 
leaves being a lighter green than those of the normal plant. Later the 
mottling becomes more intense, owing to the presence of numerous 
dark-gi'een areas, irregular in outline and occurring between the larger 
veins (fig. 2, E, E, and G). 

In pea mosaic virus 2 a pronoimced vein clearing appears later, and 
immediately adjacent to the larger veins the dark-green tissue often 
persists (fig. 2, G). The region between the veins remains green but 
is of a lighter shade than in the normal healthy plant. Especially 
along the periphery of the leaves, regions of yellow are often found. 
The leaves and stipules of the infected plant are smaller than normal, 
but there is only a slight waving and upward cmling of the edges and 
wrinkling of the leaves. Infected plants are only slightly stimted 
although the pods may be somewdiat malformed and distorted and 
in some cases reduced in size. 

Pea mosaic virus 1 differs from pea mosaic virus 2 in that there is 
only a slight vein cleaimg, with streaks of yellow found between the 
veins (fig. 2, i^. The infected leaves and stipules are more wrinkled, 
puckered, and twisted, and smaller in size than those associated with 
pea mosaic virus 2. In later stages the uppermost leaves become 
rosetteii with the tendrils malformed and knotted (fig. 2, E). In pea 
mosaic virus 2 infection this condition has not been observed. In¬ 
fected plants are usually more stimted than those infected with pea 
mosaic virus 2. 
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mosaic an<i the symptoms the virus produces when inoculated to beans: A, String- 
Refuge© b»n inoeuJat^ with pea virus 2; note drooping of leaflets and inward curling of young- 

^itus 2 on Robust bean; r; healthy 
iMSfe F, pea virus 1 on Dwarf Telephone peaj (?, pea virus 2 on Dwarf Telephone pea. ^ 
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PEA VIRUS 2 ON BEANS 

The fil'st symptom produced on beans by pea mosaic vims 2 is a 
drooping of the leaf and leaflets at the pulvini above the point of 
inoculation (fig. 2, A). This symptom is somewhat similar to that 
produced by the white sweetclover mosaic on beans. Later, nimier- 
ous small yellow halohke chlorotic spots, varying in size from 1 to 
5 mm, develop on these leaflets. The next formed trifoliate leaves 
appear to be tliicker and smaller than the leaves of normal plants, 
and they droop and curve inward (fig. 2 , A). Later, chlorotic spots 
similar to^ those produced on the first formed trifoliate leaves appear. 
The growing point of infected plants of susceptible varieties may be 
killed, and death of the enthe plant may follow. Infected plants are 
usually decidedly stunted and very cldorotic. 

Pea mosaic virus 1 was not infectious to beaus. 

WHITE CLOVER MOSAIC 

Wliite clover mosaic first manifests itself on the leaves of white 
clover as a slight mottle of light- and dark-green areas (fig. 3, vi, B, 
C, and D). The darker green regions are usually foimd adjacent to 
the main vein and extending outward along the laterals, becoming 
lighter toward the margin of the leaflet. Occasionally the greater 
portion of the leaflet may be quite chlorotic with only the basal 
portion streaked with green. Islands of dark-green areas are fre¬ 
quently foimd in other portions of the leaf. Infected leaves are 
usually not distorted, but occasionally there is slight puckering and 
arching along the main vein. The symptoms are readil}’ masked 
under certain environmental conditions. 

WHITE CLOVER MOSAIC ON BEAN 

When the white clover mosaic virus is inoculated to beans, it pro¬ 
duces both local necrotic lesions and a systemic infection (fig. 3). 
W'hether both symptoms are produced by the same virus or by two 
viruses has not been determined. The local lesions iiiav appear from 
36 to 48 houi's after inoculation as small, somewhat circular, light- 
green areas, wliich at times may attain a diameter of from 2.5 to 5 mm 
(fig. 3, H and L). The smaller spots are circular with their edges 
only slightly irregular, w'hereas the large spots are seldom circxilar 
but are very irregular in outhne. Later the lesions become brownish 
red, often accompanied by a slight clearing in the center w^hich is 
usually surrounded by a dark ring of tissue, wLile outside of this is a 
region of lighter browm to red tissue. When the spots are very large 
with irregiflar borders there is no marked zonation of the lesions. 
If the lesions are numerous the uninfected normal green portions of 
the leaf turn yellow' and die. 

The systemic infection usually appears 10 to 11 days alter inocu¬ 
lation and is manifested by blotches of hght green or yellow^ areas on 
the trifoliate leaves, irregular in outline (fig. 3, F, and C), ^They 
are not bounded by the veins but extend throughout any portion of 
the lamina. These blotched areas may coalesce with similar areas, 
in some cases covering three-quarters of the leaf surface (fi§. 3, G)^ 
leaving only small islands of normal green tissue. The infected 
leaves may showr a slight ruffling, but their size is not reduced nor is 
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tlie leaf maifoniicd as is often found with the common bean mosaic 
infected plants are not stimtedj and under greenhouse conditions the 



systemic and local symptoms the virus produces on different 
trifoliate leaflet of Davis White Wax bean showing 
/ f n J 'r Slw f 9’ Stogless Green Kefugee bean; H, local lesions on Robust 

Refugee bean; J, healthy Robust bean; ii, local lesions on String- 


syinptoins^ may be readily inasked. Under field conditions the symp- 
tooas iinght readily he mistaken for mild infections of the bean 
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WHITE SWEETCLOVER MOSAIC 

The symptoms of white sweetclover mosaic first appear as small 
light-yellow spots on tlie leaves (fig. 4, F and G). These spots may 
enlarge and coalesce wdth others^ producing small light-green blotches 
interspersed with dark-green areas (fig. 4, E), Frequently there is a 
clearing of the^ veins, with the dark-green islands located between 
them. Severe infection msij cause slight dwarfing and ruffling of the 
leaves. Under field conditions the infected plant may show a stimt- 
ing in the earl}^ part of the 3"ear, but later in the summer and imder 
high temperatuies the symptoms become masked and Uic plaiiL may 
be normal in size. 

WHITE SWEETCLOVER MOSAIC ON BEAN 

The white sweetclover mosaic virus produces very distinctive 
symptoms on beans. The first symptom appears about 1 week after 
inoculation and is a drooping of the leaf and leaflets at the piilvini. 
Later, small yellow, halolike chlorotic spots varying in size from 1.0 
to 3.0 mm in diameter appear on these as well as on later formed 
leaves (fig. 4, J). The spots may be so numerous that they almost 
cover an entire leaflet and upon coalescing produce a pronoimced 
chlorotic condition (fig. 4, A and H). Older leaves become roughened 
and chlorotic. Infected leaves may be stimted and distorted, espe¬ 
cially if the infection is localized in one-half of the leaf (fig. 4, B), 
The diseased plants are smaller than the normal ones, but in no case 
has death resulted from infection. 

ALFALFA MOSAIC 

Alfalfa mosaic is first noticeable as small greenish or light-yellow 
streaks either along or between the veins (fig. 5, B, (7, D, £, F, and 0), 
These areas gradually become larger and the light areas more nearl}' 
yellow. In some cases only a portion of a leaflet may show symptoms. 
Such regions are usually bounded by a very irregular or jagged border 
of yellow, while the region mthin is lighter yellow in color. These 
areas may be either vithin the lamina or along the periphery of the 
leaflet. Oftentimes only 1 or 2 leaflets may show these symptoms, 
the third being normal in appearance. Another symptom that is 
found occasionally is manifested by concentric regions of yellow and 
green (fig. 5, O and E) which resemble the work done by the insect 
leaf miner. 

ALFALFA MOSAIC ON BEANS 

Wlien inoculated to beans, the alfalfa mosaic \irus produces small, 
reddish-browm, local lesions 2 days after inoculation (fig. 5, A). 
Some of the spots are surrounded by an irregular ring of tiny lesions 
of the same color. The larger type lesions vary from 0.5 to 2.0 mm 
in diameter. With age, the irregular ring of small lesions coalesces 
with the larger one and a clearing occurs in the center. The lesions 
differ from those produced by the white clover mosaic in that they are 
smaller in size and their edges are more regular. The disease does 
not become systemic. 
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Figcjre 4^WWtesw:eetclow mosaic and the symptoms produced by the virus on different bean varieties: 

showing mottJing; Stringless Green Eefugee bean showing distortion of 
iWet; C, Blue Eafee bean showing malformation; J>, healthy Corbett Refugee bean; B, F, and Q, different 
of ’w’hite sweetclover mosaic; H and /, Stringless Green Refugee bean; J, healthy Stringless 
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FiCftJRE 5.—Symptoms of alfalfa mosaic: A, Local lesions on bean (Stringless Green Refugee) produced by 
the virus of alfalfa mosaic; B, C, D, E, F, and G, different patterns of alfelfa mosaic; Hr healthy Stringless 
Green Refugee bean. 
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RED CLOVER MOSAIC 

Keel clover mosaic appears as a faint niottling and yellow streaking 
of the leaves (fig. 6, B). The j-^ellowing may cover a considerable 
portion of tlie leaf, leaving only islands of green wlficli are frequently 
located adjacent to the veins. Infected plants are seldom stunted, 
and the symptoms are readily masked under conditions of high 
temperature. 

Red clover mosaic was not infectious to beans. 

RED CLOVER MOSAIC ON LEGUMES OTHER THAN BEANS 

The leaflets of sweet peas infected Muth red clover mosaic show a 
pronounced mottling, pocking, and inward curling and occasionally 
some streaking. When the infection extends to the flowers there is a 
decided streaking, curling of the petals, and in many cases stunting. 

Infected peas show a distinct mottling on the leaves and stipules 
Yerj much like pea mosaic 1 and 2 (fig. 6, F.) 

On the broadbean (Vieiafaba L.) the infection is manifested by a 
very pronounced mottling and streaking of the leaves (fig. 6, E). 

BEAN MOSAIC 3 

Bean mosaic 3 appeal's as a very mild clilorosis on the hybrid of 
Stringless Green Refugee X Wells Red Kidney. The symptoms 
might be overlooked, as no malformation of the leaves and no stunting 
of the plant are produced. 

On Stringless Green Refugee bean the first symptoms produced by 
bean mosaic virus 3, 10 days after inoculation, are characterized by 
an extremely chlorotic and dwarfed condition of the trifoliate leaves 
immediately above the inoculated ones (fig. 7, B). Later formed 
leaves may show a very marked clearing of the veins and veinlets, 
bordered mth normal green tissue. Later the remainder of the 
interveinal tissue turns yellow, resembling in general effect a calico 
pattern (fig. 7, A). The leaves of diseased plants are smaller than 
those of normal plants, but there is no wrinkling, curling, or other 
malformation. Infected plants of susceptible varieties may show a 
decided stunting. 

RESISTANCE AND SUSCEPTIBILITY 

Studies of previous workem (d, 18j IS, 16) on varietal resistance and 
susceptibility to the common bean mosaic virus, as weU as the results 
obtained by the writers in these experiments, have shown that most 
bean varieties are susceptible but that they vary considerably in the 
degree of infection. Corbett Refugee, Robust, and Great Northern 
Idaho No. 1 were the only resistant varieties used that had been 
previously dpionstrated to be immune to the common bean mosaic. 

Transmission of the mosaic viruses of pea, wliite clover, white 
sweetclover, alfalfa, and bean mosaic virus 3 suggested the trans¬ 
mission to other varieties of beans to learn whether the behavior 
toward these mosaic diseases differed from that toward the common 
bean^ mosaic. Thirty varieties "were inoculated under greenhouse 
conditions. Plants for this test were growm in greenhouse benches 
and inoculated, in the manner described previously, with an undiluted 
virus extract from the various mosaics, wLen the compound leaves 
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■‘.vere falh- exparidod, Tlie viruses ^were extracted either from the 
mosaic-aifeeted tissues of the original host plant or from beans 
infected with the several legume mosaic diseases. In either case the 




results were comparable. The varkties listed in table 1 were not all 
grown and inoculated at the same time but were run in four series. 
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Table 1. — Comparative results of susceptibility and resistance of bean varieties to 
mosaic viruses of heaUj pea, white clover, white siveetclover, alfalfa, and red clover^ 
grouped according to susceptibility to the common bean mosaic 


Results of inoculatiou with viras indicated ‘ 



Bean 

mosaic 


White clover mosaic 

White 

sweet- 

clover 

mosaic 

Alfalfa 

mosaic, 

local 

lesions 

Red 

Group and variety 


2 

Systemic 

lesions 

Local 

lesions 

clover 

mosaic 




S ? 

S = 


■ST 

— 

S - 



Sa 

C-i - 

i| 

p: 



|l 

roup 1, very susceptible: 

Xo. 

No. 

No. 

No. 

Vo. 

No. 

xVo. 

No. 

No. 

No. 

Vo. 

.Vo. 

No. 

No. 

Dwarf Horticultural.- - 

10 

mb 

10 

4a. 66 

10 

5c 

19 

1 

12 

9c 

10 

10 

8 

0 

Extra Eariv Red Valentine- 

10 

Si 

13 

la. 126 

18 

Sb,2c 

IS 

3 

12 

lUc 

9 

7 

10 

0 

Red Valentine. 

10 

9b 

10 

Ifl. 46 

17 

8b, 3c 

18 

7 

ID 

Sc 

10 

10 

7 

0 

Refugee ICKKl-l... 

10 

106 

10 

10a 

in 

86 

10 

8 

12 

96 

10 

10 

9 

0 

Refugee. Wax. 

11 

9b 

10 

5a, 56 

1,4 

76.2c 

14 

0 

10 

9c 

10 

10 

10 

0 

Siringless Green Refugee. 

15 

156 

19 

10a. 96 

24 

236 

24 

24 

20 

196 

10 

10 

15 

0 

Early Stringless Refugee.—, 
roup 2, moderately suscep¬ 
tible; 

12 

126 

10 

10a 

11 

96 

11 


10 

86 

9 

9 


(} 

Black Valentine. 

15 

12c 

17 

6a, 116 

20 

26.14c 

20 

0 

11 

5c 

10 

6 

S 

0 

Blue Lake.. 

10 

IIJC 

9 

3a 

19 

46,1c 

19 

_ 2 

IS 

Ic 

10 

10 

7 

0 

Bountiful.— 

9 

9c 

13 

6a, 76 

16 

5b, 11c 

17 

5 

14 

10c 

10 

10 

9 

0 

Buri)ee Stringless Green Pod 

12 

11c 

13 

4a, 96 

16 

86,4c 

16 

3 

lU 

5c 

y 

s 

10 

0 

Brittle Wax. 

13 

12c 

; 12 

1 2a,106 

16 

120 

16 

7 

10 

5c 

10 

10 

10 

i) 

California White.-. 

10 

4c 

1 9 

1 3a 

10 

56 

_ 

_ 

10 

0 

10 

10 

s 

0 

Davis White Wax. ; 

10 

10c 

1 9 

96 

15 

76. 7c 

15 

2 

10 

10c 

10 

7 

9 

0 

French Horticultural. ! 

14 

11c 

12 

86.4c i 

20 

76,3c 

20 

5 

14 

12c 

10 

10 

10 

0 

Full Measure .i 

13 

11c 

10 

2a,86 1 

19 

i 126,6c 

19 

11 

10 

8c 

10 

8 

7 

0 

Giant Stringless Green Pod. 

12 

! 11c 

15 j 

86,7c 

1 1“ 

I 146,1c 

18 

8 

ID 

7c 

10 

10 1 

9 

0 

IConserva. 

10 

5c 

16 j 

2a, 66 1 

! 17 

i lOC 

17 : 

4 

14 

7c 1 

s 

0 i 

i ! 

0 

Lrongfellow--. 

15 

14c 

11 i 

2a.96 1 

1 17 

! 126,5c 

17 

3 

14 

! 10c 1 

10 

8 1 

8 

0 

Low Champion Bush. 

14 i 

1 11c 

12 i 

i 5a. 76 

17 

i 11c 

17 

6 

14 

i Sc 1 

10 

10 

10 i 

0 

New Stringless Green Pod..| 

10 1 

9c 1 

13 i 

! 2a,116 

15 ; 

1 136,Ic : 

15 ! 

4 ' 

10 , 

' 5c 

10 

10 

10 i 

0 

Pencil Pod Black Wax_ 

Red Kidney (Dark Ma- i 

14 1 

! 1 
1 ' 

12 i 

1 1 

2a,106 

19 j 

1 

! 126,4c 1 

19 ; 

10 

9 : 

1 

; 6c 

jio 

10 

1 

8 

0 

hogany strain) . 

11 ’ 

' “c i 

i 13 ! 

2a, 66 

IS 

' 0 i 

21 1 

^ 9 i 

20 I 

' 0 i 

1 s 

; 8 

6 

0 

Stringless Kidney Wax . 

10 

i 9c ; 

17 ! 

6a, 96 

20 

: 36,3c i 

20 i 

! 4 

10 

■ 2c ^ 

; 9 

i 9 

s 1 

0 

Sure Crop Wax . 

10 J 

I 9c ! 

14 i 

76,7c 1 

13 i 

86 

: 19 ! 

11 

IS 1 

3c 

10 

i 10 

7 

0 

Tendergreen. 

! 10 i 

1 10c 

10 i 

7a. 36 ' 

17 ! 

I 46,12c : 

^ 15 i 

7 

10 1 

9c ; 

[ 10 

! 10 

10 I 

1 0 

Tennessee Green Pod. 

10 

1 10c 1 

12 

6a.16 j 

IT 1 

46,1c i 

1 20 i 

6 

11 

Ic 

! 7 

i o 

10 1 

; 0 

Unrivalled Wax.. j 

iroup 3, resistant: I 

13 j 

2c 

12 

9c 

1 

IS 1 

‘ 6c : 

19 j 

6 

14 

3c 

14 

61 

1 

®i 

1 0 

1 

Corbett Refugee. * 

15 

0 : 

15 ! 

1 3a, 126 ! 

31 i 

I 46,15c 

1 31 i 

0 ^ 

35 

; 4C 

10 

0 : 

10 ' 

0 

Great Northern Idaho No. 1. 

10 

0 i 

16 

: 0 

18 

0 

i 26 

' 0 

12 

1 0 

10 

! 3 

9 

0 

Robust . 

10 

1 ® 

12 

; 2c, S6 

22 

7 c 

i 23 

1 3 

! 

30 

i 0 

1^* 

1 3 

1 

10 

0 


^ a represents death of plant, b serious infection, c mild infection. 


COMMON BEAN MOSAIC 

In table 1 the varieties are grouped according to their relative sus¬ 
ceptibility to the comiiion bean mosaic. The 7 varieties in the fii'st 
group are very susceptible; the 21 in the next group are moderately 
susceptible; and the 3 in the last group are resistant. It can be seen 
that in most cases a fairly high percentage of inoculated plants became 
infected in group 2 of the moderately susceptible varieties. But the 
symptoms produced were mild, whereas those in the fimt group (ve]^ 
susceptible) were severe. Under field conditions most varieties in 
the second group would not show a high percentage of infection and 
little if any stunting or reduced 3rield, while in the first gtoiip most of 
the varieties, especially the Refugee tjrpes, under ideal conditions and 
in some localities would show high percentages of disease with con¬ 
siderable stunting and reduced yield. 
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PEA MOSAIC VIRUS 2 

All varieties of beans except Great Northern Idaho No. 1 were 
infected with pea mosaic viviis 2 (table 1). In most of the inoculated 
varieties a percentage of the plants manifested severe symptoms and 
were killed. In the case of Kefugee 1000-1 and Early Stringless 
Refugee aU of the inoculated plants died. In group 1 there appears 
to be a correlation between the susceptibility of the different varieties 
to the pea mosaic Tiriis 2 and to the common bean mosaic, because 
100 percent infection tvas observed in practically all varieties except 
Red Valentine. In group 2 this correlation is not so evident. A very 
iiigh percentage of infection occurred with the production of severe 
syiiiptonis except in the case of Unrivalled Wax. This variety Avas 
the oiilv’ one in tliis group that showed mild symptoms. Great 
Northern Idaho No. 1, wHch is resistant to the viruses of both the 
coiniiion bean mosaic and pea mosaic 2, offered the only point of 
similarity in group 3. The Corbett Refugee and Robust varieties 
sliow^ed extreme susceptibility to pea mosaic virus 2. 

WHITE CLOVER MOSAIC VIRUS 

Thirty-one varieties of beans w^ere inoculated with the white clover 
mosaic virus, and only the Great Northern Idaho No. 1 was resist¬ 
ant. The Red Kidney (Dark Mahogany strain) alone showed only 
local lesions, with no systemic infection. Twenty-two varieties 
manifested very marked symptoms, while 6 varieties were only 
slightly infected. In addition to the mottled mosaic symptoms pro¬ 
duced on the susceptible varieties, local lesions were produced on 25 
varieties. The varieties resistant to the local lesions were Refugee 
Wax, Black Valentine, Corbett Refugee, and Great Northern Idaho 
No. 1. 

In group 1 all the varieties showed very marked symptoms of the 
systemic infection except Dwaft Horticultural, which was only mildly 
infected. In group 2^ Red Eiidney (Dark Mahogany strain) was 
resistant to the systemic infection but susceptible to the local lesions. 
Although the percentage of infection was quite high in most cases, the 
symptoms produced were severe in 16 varieties and mild in 4. In 
gi‘oup 3 Great Northern Idaho No. 1 was resistant, while Corbett 
Refugee and Robust were susceptible, the latter variety being less 
susceptible than^ the fonner. Regarding the production of local 
lesions, all varieties in group 1 were susceptible except Refugee Wax. 
Dwarf Horticultural and Extra Early Red Valentine were only mildly 
infected. In .group 2 only Black Valentine was resistant, while the 
other varieties were only mildly susceptible. In group 3 Corbett 
Refugee and Great Northern Idaho No. 1 w^ere resistant, while 
Robust was susceptible to the local lesions. There appears to be no 
complete correlation bet’ween the systemic and the local lesions pro¬ 
duced by the wdiite clover mosaic virus on beans. 

WHITE SWEETCLOVER MOSAIC VIRUS 

The white sweetclover mosaic virus infected 27 out of 31 varieties. 
The '4, resistant varieties were California White, Red Kidney (Dark 
MahPiahy strain), Great Northern Idaho No. 1, and Robust. Three 
y|rieties' were)seyerely infected, while 24 show^ed milder symptoms. 
Al, the severely infected varieties w^ere of the Refugee type found in 
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group 1. Refugee Wax, lioweyer, was mildly infected. In group 2 
most of the varieties were mildly infected. Although many of the 
varieties in group 1 showed mild symptoms, a high percentage of the 
inoculated plants became infected. In group 2 most of the varieties 
showed lower percentages of infection in adcition to the weak symp¬ 
toms produced. In ginup 3 the only susceptible variety was the 
Corbett Refugee. 

ALFALFA MOSAIC VIRUS 

Alfalfa mosaic virus was infectious to all varieties except Corbett 
Refugee and Konserva. It produced only local lesions. 

BEAN MOSAIC 3 

The data in table 2 show that in general the mosaic virus from the 
hybrid bean produces more severe symptoms on beans than does the 
common bean mosaic. There appears to be no correlation between 
this virus (bean mosaic 3 ) and the one causing the common mosaic of 
beans. Two varieties (Great Northern Idaho No. 1 and Robust) 
that are resistant to bean mosaic were also resistant to bean mosaic 3, 

Table 2. —Comparative susceptibility and resistance of bean varieties to the viruses 
of the common bean 7nosaic and bean mosaic 3, grouped according to the sus- 
ceptibiliiy to the common bean mosaic 


Results of inoculation with virus 
indicated i 


Group and variety 

Common bean 
mosaic 

Bean mosaic 3 


Plants 

inocu¬ 

lated 

Plants 

infected 

Plants 

inocu¬ 

lated 

Plants 

infected 

Group 1, very susceptible: 

Dwarf Horticultural. 

Xu mber 

Number 

Number 

Number 

10 

m 

12 

Sc 

Red Valentine (Extra Early)__-. 

10 

86 

10 

5c 

Red Valentine......: 

10 

96 

10 

0 

Refugee 1000-1...... 

10 

106 

10 

76 

Refugee Wax—....i 

11 

96 

9 

86 

Stringless Green Refugee____' 

15 

156 

10 

86 

Stringless Refugee (Early)... 

12 

126 

8 

66 

White Seeded Refugee...... 

10 

106 

10 

66 

Group 2, moderately susceptible: i 





Black Valentine...i 

15 

r2c 

9 

4c 

Blue Lake.....: 

9 

Sc 

10 

0 

Bountiful---...' 

9 

,9c 

10 

106 

Burpee Stringless Green Pod...---1 

12 

11c 

10 

105 

Brittle Wax. —..1 

13 

12c 

10 

4c 

California White.....j 

10 

4c 

10 

0 

Davis White Wax___ — .i 

10 

lOc 

10 

106 

French Horticultural...j 

14 

: lie 

; 10 

26 

Full Measure,.... —... 

! 13 

1 lie 1 

1 9 

I 5c 

Giant Stringless Green Pod.—___ 

12 ; 

1 lie : 

! 10 

1 106 

Konserva.. . 

10 

1 5c 

i 9 

0 

Longfellow...... 

15 

14c 

1 9 

I 7C 

Low Champion Bush...i 

14 

! 11c 

11 

i 86 

New Stringless Green Pod..... 

1 10 

9c 

1 10 

r lOc 

Pencil Pod Wax.... 

1 14 

13c 

10 

4c 

Red Kidney (Dark Mahogany strain)... 

1 11 

7c 

8 

S 5c 

Stringless Kidney Wax....: 

i 10 

9 c 

11 

26 

Sure Crop Wax......i 

1 10 

9c 

14 

86 

Unrivailed Wax....1 

j 13 

2c 

9 

5c 

Group 3, resistant: i 



16 

1 m 

Corbett Refugee...—1 

15 

0 

Great Northern Idaho No. 1—.... 

10 

0 

15 

Q 

Robust__________ 

10 

0 

13 

0 






^ 5 represents serious infection; c, mild infection. 
35709—35-5 








































rviliie Corbett Eefu2:eej which is resistant to the former, was sus- 
feptihle to the latter. Eed Valentine, Blue Lake, California White, 
and Konserva, all susceptible to the common bean mosaic, were re¬ 
sistant to bean mosaic 3. This virus produced severe symptoms on 
14 of the 30 varieties tested and mild infection on 10, while 6 were 
resistant. The common bean mosaic produced severe symptoms on 
S varieties and mild infection on 20, while 3 varieties were resistant. 


COMPARISON OF LOCAL LESIONS PRODUCED BY WHITE CLOVER 
4ND ALFALFA VIRUSES WITH THOSE PRODUCED BY OTHER 
VIRUSES ON BEANS 


The production of local necrotic lesions on beans by a virus has 
been described previously by Wingard {21)^ who reported the tobacco 
ring spot virus producing local lesions, although no description oi 
the^ symptoms was given. Price C4) records the development of 
local lesions due to tobacco mosaic on 16 varieties of beans. Zau- 
nieyer and Wade (24) reported the production of local lesions on 
beans moculated vith the mosaic virus of white clover and alfalfa. 
Pierce {12) compared the resistance and susceptibility of beans to 
the viruses of tobacco mosaic, tobacco ring spot, and alfalfa mosaic. 

In order to obtain a comparison between the local lesions produced 
by tobacco mosaic and tobacco ring spot with those produced by the 
viruses from alfalfa and white clover, the work of Price {14) and 
Pierce (12) was repeated in part. Twenty bean varieties were inocu¬ 
lated with the viruses of tobacco mosaic and tobacco ring spot. The 
tobacco mosaic produced symptoms identical with those described 
by Price (14)^ The symptoms due to the tobacco ring spot virus 
agreed with those described by Pierce {12), They appear on the 
inoculated leaves as necrotic lesions which gradually coalesce with 
similar spots and finally cause death of the inoculated leaf of certain 
varieties. The infection later becomes systemic with the final death 
of the plant. All varieties tested reacted similarly. 

The local lesions produced by the alfalfa mosaic virus were brown¬ 
ish red in color, while those produced by the tobacco mosaic virus 
•were dark brown. The lesions caused by tbe tobacco mosaic virus, 
according to Price (14) and confirmed by tbe writers, are never more 
than one-half to 1 mm in diameter, whereas those of alfalfa reached a 
diameter of 2 nim. 

The local lesions produced by the white clover mosaic virus on 
beans are not identical with those produced by the other two viruses. 
As mentioned previously, they are larger (2)^2 to 5 mm in diameter) 
than those produced by the tobacco and alfalfa mosaic viruses. They 
may or may not be circular, and the borders are irregular in outlme. 

Table 3 records the data on the varietal susceptibility and resist¬ 
ance of beans to the viruses of the four hosts mentioned above, wliich 
produce local lesions on beans. A complete list of bean varieties is 
not given, but only those that were inoculated wdth the four viruses. 
A more complete list of the varietal reactions to the local lesions of the 
vims® of white clover mosaic and alfalfa mosaic is given in table 1. 
The reristance and susceptibility of the varieties to the viruses of 
and tobaccO' ring spot agree with the data presented 
'(14) and Pierce (12}. 



Oct. 15,1935 Relationship of Certain Legume Mosaics to Bean 


735 


Table 3.' —Comparative varietal behavior of bean varieties with regard to local 
lesions produced by the viruses of white clover mosaic^ alfalfa mosaic, tobacco 
mosaic, and tobacco ring spot 


Variety 

Reaction to virus of— 

"White clover j Alfalfa 

mosaic i mosaic 

i 

Tobacco 

mosaic 

Tobacco ring 
spot 

Black Valentine_ _! Resistant— —_ 

Susceptible. 

_do_ 

Resistant. 

Susceptible. 

Bo. 

T)o. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

.Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

■Rnnnliful _ - _ ! Snscentihlp! 

_do_ 

Burpee Stringless Green Pod.. 

Corbett Refugee... 

French Horticultural.. 

Full Measure—..... 

_do_ 

Resistant. 

Susceptible— 
_do_ 

-do—.- 

Resistant_ 

Sxisceptible.... 
_do_ 

Susceptible- 

Resistant. 

Susceptible._ 

Resistant_ 

Susceptible 

Resistant 

Giant Stringless Green Pod... 

Great Northern Idaho No. 1.. 

Konserva____ 

.do.. 

Resistant-. 

Susceptible_ 

.do.. 

-do- 

_do. 

.do.. 

-....-do.. 

Resi-sfnnf, 

Low Champion Rush. 

New Stringless Green Pod__ 

Pencil Pod Black Wax.. 

Susceptible.— 

-do. 

_do_ 

_do. 

-do.. 

_do_ 

Robust___ 

Resistant_ 

_-do . _ . 

1 Susceptible—i 

Resistant. 

Suscentible_■ 

.do. 

; Resistant. 

.do.1 

Red Kidney (Dark Mahogany strainj... 
Refugee Wax___ 

Susceptible— 

Rpsisit.fi'nf; 

.do_ 

;_do_; 

Stringless Green Refugee. 

Stringless Kidney Wax. 

Sure Crop Wax...■ 

Susceptible—. 

!_do_' 

!.do.; 

!.do. j 

i_do_! 

Tennessee Green Pod__ 

i_do. 

!.do....:.—1 

_do.. 

Unrivalled Wax... 

!.do.. 

!_do_i 

Susceptible_ 



1 ' 


Decided variations are noted in the susceptibility of the different 
varieties of beans to the various mosaic diseases producing local 
lesions (table 3). Of the 20 varieties inoculated, 7 are susceptible 
to the tobacco mosaic virus, all to the ring spot virus, IS to the 
alfalfa virus, and 15 to the white clover virus. 

Three varieties—Full Measure, Stringless Green Refugee, and 
Unrivalled Wax—were susceptible to the four viruses. Corbett 
Refugee, which was resistant to the alfalfa mosaic virus, was suscep¬ 
tible to the viruses of tobacco mosaic and tobacco ring spot. Kon- 
serva, also resistant to the alfalfa virus, was resistant to the tobacco 
virus but susceptible to the tobacco ring spot virus. No variety 
studied was resistant to all four of the viruses. 

TRANSMISSION TO OTHER LEGUMINOSAE^' 

In addition to inoculating a large nmnber of bean varieties, several 
other species of the genus Phaseolus^ as weh as species in other genera, 
were inoculated with the vkuses of the common bean mosaic, pea 
mosaic 2, white clover mosaic, white sweetclover mosaic, alfalfa 
mosaic, and red clover mosaic. The following Leguniinosae were 
inociilated with these viruses from the regular hosts: Pigeonpea 
(Oajanus indicus Spreng.), knife bean or swordbean {Canamli gladiata 
(Jacq.) DC.), chickpea (Cicer arietinum L.), hyacinth-bean (DoUchos 
lahlab L.), sweet pea {Laihyrus odoratus L.), lentil (Lens esculenta 
IVIoench), white lupine (Lupinus albus L.), alfalfa (Medicago satim 
L.), white svreetclover (Melilotus alba Desr.), tepary bean (P'haseolm 
aeutifolius latifolius Freeman), adzuki bean (P. angularis (Wild.) 
W. F, Wight), mung bean (P. aureus Roxb.), rice bean (P. mlearaius 
Roxb.), hma bean (P. lunatus macroearpus Bentii.), civet bean 
(Henderson bush variety) (P. lunatus L.), uxd bean (P. mungo L.), 
pea (Pisum saiimm L.), soybean (Soja max (L.) Hper), velvetbean 
(Stisolobium deenngmnum Sort), white clover (Trifolium repem L.) 
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red clover (T. prafense L.), broadbean (Vicia jaha L.), retch {V. 
fimerteajoi MuhL), asparagus-bean (Vigna sesquipedalis (L.) Frii- 
wirtlih and cowpea (V. sinensis (L.) EndL). The plants were 
inoculated in the usual manner br rubbing the learns with the dif¬ 
ferent virus extracts. Table 4 gives the results of these inoculations. 

Table 4. — SusceptibUiti/ of various legumes to the mosaic viruses of the common 
bean, pva 2, ichite clover^ white siveetclover, alfalfa, and red clover 


Eeaction to virus of—^ 


Host 

Pea mosaic 

o 

White 

clover 

mosaic 

White 

sweetclover 

mosaic 

Alfalfa 

mosaic 

Red clover 
mosaic 

Common 

bean 

mosaic 


.hv 

■S 

Mr 




-S's 

'-"TS 
to < 1 > 


a 





'X £ 

V. 

Vf a; 


X £ 



to S 

12 "S 

to 'S 






1=39 
.3 0 


S9 

fl 0 

Pi's 

3 0 

"£ r 

2 3 

3 0 

II 



a. 


fL 



Pm ® 

Pm 


Pm 

Pm ° 



Xum- 

V« m- 

Num- 

Xum- 

JSfum- 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 

Num- 


her 

btr 

her 

ber 

ber 

ber 

ber 

ber 

ber 

ber 

ber 

ber 

Cnjann.^ Indkuf^ (pi^eon- 

pea). 

Canamli glaiiinta [knife 

9 

0 

9 

0 

8 

2 

8 

0 

10 

0 

9 

0 

bean). 

Ckei nrkUnvm (cliiek- 

5 


6 

0 

4 

0 

5 

0 

G 

0 

G 

0 

r>ea) . 

Doikhm iablab Uijaeintli- 

11 

5 

19 


19 

15 

10 

0 

22 

5 

10 

0 

. beam . 

Lathams odoratns (sweet 
ji. pea, Baltimore Rose 
variety),,- . 

10 

0 

20 

0 

10 

0 

9 

0 

10 

0 

10 

0 

10 

n 

20 

20 

18 

17 

10 

10 

20 

19 

14 

0 

Lens esculent*! (lentil). 
Lupin us a bus (white 

lupine'i .. 

Medicagn satira (alfalfa). .. 

15 

10 

23 

<>•) 

24 

19 



IS 

18 

23 

0 





10 

0 

9 

0 

10 

0 

9 

0 

8 

0 

8 

0 

0 

0 

5 

2 

5 

0 

5 

3 

5 

0 

5 

0 

Metile^us alba (white I 

sweetclover) . ’ 

Fhaseolus acuUJoUus latl- 

0 


S 

7 

9 

9 

10 

8 

12 

0 

10 

0 

Jolius (tepary bean) .... j 
P. a-nguiaris (adzuki [ 

10 

0 

s 

0 

S 

0 

10 

0 

8 

0 

8 

0 

bean). .,i 

8 i 

7 j 

9 

0 

10 1 

0 

10 

8 

11 

0 

10 

0 

P, calcaratus (rice bean)_.i 

IS j 

0 1 

19 

0 

17 

0 

16 

6 

IS 

0 i 

9 

0 

P. aureus (miinp bean)... 
P. iiinatus macrocarpus \ 

10 ! 

m\ 

15 

12d 

12 

4d 

10 

6d 

14 

14d 

10 1 

0 

(lima bean). ; 

P, iunaius (civet l:>ean, 

9 i 

0 

10 

0 

9 

0 

10 

0 

8 

0 

10 ! 

0 

Henderson bush vari- I 
ery). } 

S i 

0 

10 

8 

9 

0 

1 8 

0 

8 

0 

r, ' 

0 

P. m-imgo (urd bean). 

Pi&nm satir-um (pea, | 

10 

0 

S 

5d 

10 

0 

9 

2d 

10 

0 

S ' 

0 

Dwarf Telephone vari¬ 
ety!.. 

15 

s 

20 

20 

20 

20 

10 

0 

15 

9 

20 

' 0 

Soja max (soybean)_ i 

S;i^ofol3!«7ri deeringmnum ! 

1 10 

1 

0 

IX 

0 

12 

0 

8 

0 

12 

0 

14 

0 

p ( velvetbean).... 

7 

0 

' 8 

0 

6 

0 

6 

0 

8 

0 

7 i 

0 

TrifuHum repens (wTiite 


1 I 

j i 





clover).. 

5 

3 

j 5 1 

3 

5 

0 

5 

0 

5 

0 

5 

0 

T. pmteme (red cjlover)--. 

5 

0 

5 i 

5 

5 

5 

i 5 

3 

5 

2 

5 

0 

Vkm faba (broadbean)... 

10 

8 

10 1 

10 

10 

10 

9 

6 

10 

S 

10 

1 9 

F. amerimna (vetch). 

Vigm sesquipcduUs (as- 

12 

0 

10 i 

10 

10 

9 

10 

6 

12 

11 

s 

0 

paragas-be.an).. 

i 10 

i 0 

i 11 ■ 

0 

12 

0 

9 

0 

10 

0 

10 

0 

F. siui'nsls feowpea). 

j 10 

1 0 

1 9 

0 

10 

0 

10 

0 

9 

0 

10 

0 


I 4 represents local lesloas. 

Previous investigators have^ tested many of these species with the 
cominoB bean mosaic. Reddick and Stewart {15) report Phaseolus 
lu.mi'us'mmrocarpmj F. acviijolius latifolim, and Vida faba- as being 
susceptible to the common bean mosaic. Fajardo (7) was unable to 
transmit the virus of bean mosaic to other leguminous hosts. Nelson 
( 11 ) found that in addition to the three species reported by Reddick 
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and Stewart the following were also susceptible to the common bean 
mosaic: Phaseolus calcaratus, P, lunatus, P, angularis, P. coccineus^ 
and Vigna sesquipedalis. He did not inoculate these hosts artificially, 
but relied on natural insect dissemination in the field. 

Pierce {1£) confirmed the results of Keddick and Stewart (lo) and 
also some of those reported by Nelson and in addition was able to 
infect Phaseolus aureus, Lespedeza striata (Thiinb.) Hook, and Arii., 
and Yicia sativa L. 

The writers have been imable to confirm the results of these 
investigators, which may have been due to differences in varieties 
within a species. L. striata and V. sativa were not used in these tests. 
In a number of instances mild mottling was observed but the symp¬ 
toms were not definite enough to establish their susceptibility. 

As can be seen from table 4, the host range of the several virus 
diseases shows considerable variation. Pea mosaic virus 2 infects 
Phaseolus angularis, P. aureus, Cicer arietinurn, Lathyrus odoratm, 
Lens esculenta, Melilotus alba, Pisum sativum, Trifoliuni repens, and 
Viciafaba. 

'Wliite clover mosaic was infectious to Phaseolus aureus, P. Innatus, 
P. mungo, Cicer arietinurn, Lathyrus odoratus, Lens esculenta, Medicago 
sativa, Melilotus alba, Pisum sativum, Trifolium repens, T. pratense, 
Viciafaba, and V. americana. 

The hosts susceptible to w^hite sweetclover mosaic are the same 
as those of white clover mosaic except that the wus of white sweet- 
clover also infected Cajanus indicus but not Trifolium repens, Medicago 
sativa, or Phaseolus lunatus. 

Alfalfa mosaic virus showed variations in host susceptibility in 
comparison with the wuses of white clover and white sweetclover. 
Infection was secured on Phaseolus angularis, P. calcaratus, P. aureus, 
P. mungo, Lathyrus odoratus, Medicago sativa, Melilotus alba, Trifolium 
pratense, Viciafaba, and V, americana. 

The red clover mosaic virus reacted similarly to the viruses of 
white clover and wiiite sweetclover. It was infectious to all of the 
hosts that were susceptible to the viruses of these two clovers, with 
the exception of Phaseolus lunatus, P. mungo, Cajanus indicus, 
Medicago sativa, Melilotus alba, and Trifolium repens. 

The various hosts reacted differently to the several viruses. The 
viruses of pea mosaic 2, wliite clover, white sweetclover, and red 
clover were, in general, infectious to the same hosts. The alfalfa 
mosaic virus varied from these four viruses in host behavior. 

The viruses of pea mosaic 2, white clover, white sweetclover, and 
red clover caused death to both Cicer arietinum and Lens esculenta^ 
without the production of any distinctive mottle symptom. On 
Phaseolus aureus and P. mungo the mosaic viruses of pea 2 and of 
these three clovers produced local lesions on the inociilated leaves. 
The symptoms first appeared as small irregular brown spots from 
0.5 to 2 mm in diameter. Later the lesions coalesced, forming large 
irregular blotches slightly darker in color than in the earlier stages, 
and covering in some cases as much as one-fourth of the leaf area. 

In general, the symptoms produced on a single host by the various 
viruses are alike. However, the several viruses when inoculated to 
the various hosts may produce decidedly different symptoms; as, 
for example, pea mosaic 2 produces local lesions on Phaseolus aureus 
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aiid <v?ieniic lesions on the other hosts that it infects. It appears 
that none of the species used in these inoculations can be used success- 
Miy as differential hosts in readily distinguisliing the several wuses, 
a method that has been sliottm to be very effective and helpful in the 
separation of the mosaic, virus complexes of other host plants. 

Most of the outstanding differences in host reaction of the several 
Mruses are noted in table 5. 


Table o. —Summarized data showing differences in host behavior with mosaic 
viruseB of the common bean, pea d, white clover, white sweet clover, alfalfa, red 
clover, and bean S, on several hosts 


t i 

! Xature of ’ 
j symptoms ; 

! on beans i | 

i i 

Xumber 
of bean 
varieties 

Reaction on— 

Seed transmission through 
beans artificially inoculated 

Pkaseolus vulgaris 

Pisum saiiruw, Dwarf 
Telephone 

Lalhyrus odoratus, Bal¬ 
timore Rose 

Qi 

^ o 
cU 

ll 

Mosnk* virus j 

1 

! 

f 

S 

i 

! 

! 

r- 1 .A 

3 1 o 

O ! 5 

5 ! 1 

c 

a; 

a. 

' © 
r 

a 

X 

© 

'g 

Robust 

Great Northern 
Idaho No. 1 

Common bean.1 — 

"T 

31 1 28 

L 

- 







d- 

Pea 2.~ 


31 1 30 

' + 

+ 

JL 

— 

4- 

-f- 

- 

_ 


White clover.! -f 

-f 

31 i 29 

I "T 

1 -J- 

-f 

— 

_L 

+ 


- 


White sweetclover.i — 

i + 

31 ! 27 

! i- 

1 + 


— 

+ 


J 

P 

— 

Alfalfa . i -f 


31 ; 29 

: -f 


+ 

J- 



- 

- 


Red clover.! ~ 

_ 

31 1 0 

i -1 

i —. 


_ 


+ 

4. 


Bean 3.. . i — 

+ 

30 24 

i “T 

! + 


— 



“ 

~ 



i !\Tinns sign (~) indicates no infection; plus (-f) indicates infection. 


SEED TRANSMISSION 

It has not been definitely proved that the viruses of any of the 
legumes except conmion bean mosaic are seed-borne, although pre¬ 
liminary evidence indicates that the virus may be carried in the seed 
of pea and white sweetclover in small percentages. Since the com¬ 
mon bean mosaic is seed-borne, it was of interest to learn whether 
the muses of other legumes, when inoculated to bean, would be so 
transmitted. Unfortimately, seed from beans infected with pea 
mosaic 2 and alfalfa mosaic was not collected, but that from plants 
infected with the mosaic disease of white clover and white sweet- 
clover was. ^ The seed of these plants was planted both in the green¬ 
house and in the field and allowed to grow to matiirity, but in no 
case did any of the plants become diseased. Likewise, seed collected 
ftom Vicia fuba plants infected with the viruses of these two clover 
mosaics as well as^ that of red clover mosaic produced healthy plants. 

Larger populations of plants from seed from infected plants are 
necessary for testing before it can be definitely said that these mosaic 
^seases are not carried through the bean seed, but the evidence 
indicates that they are not. 

PROPERTIES OF THE VIRUSES 

^ Mhongh the properties of the common bean mosaic were studied 
by'FaptdO' (7) and those of an alfalfa mosaic by Pierce { 12 ), these 
Bteches wea repeated in part in order to compare them with the 
properties of the viruses of pea mosaic 2, white clover, and white 
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sweetclover. The properties of the common bean mosaic^ pea mosaic 
2 ; and white sweetclover mosaic were based on the systemic lesions 
they produced on Stringless Green Refugee beans. The determina¬ 
tions of the white clover virus were based on the production of both 
systemic and local lesions on this same variety. The properties of 
the alfalfa virus were determined by local lesion production on the 
Red Valentine variety of beans. 

The methods described by Johnson and Grant {9) were, in general, 
used for these determinations. In most cases 15 plants were inocu¬ 
lated except in some instances where 2o plants were used. The 
material for the thermal death-point studies was prepared by heating 
2 cc of the expressed juice in thin glass tubes in a constant tempera¬ 
ture bath at the desired temperature for 10 minutes and immediately 
cooling. The aging tests were conducted by placing the expressed 
juice in test tubes and allowing them to remain in the laboratory at 
room temperatures (75*^ to 80^ F.) for the desired period. The 
dilution studies were made in the usual manner. The chemical 
tests were made by diluting the juice from diseased plants to the proper 
concentration of the chemical deshed and allowing it to react for 30 
minutes. 

THERMAL DEATH POINT 

The vhus of the common bean mosaic was inactivated at about 
58° C. (table 6), which confirms the results of Fajardo (7) and Pierce 
(12). The vhuses of pea mosaic 2 and white sweetclover were also 
noninfectious at this temperature. The virus of w^hite clover mosaic 
producing the systemic lesions on beans was inactivated at 58° to 
60°, and the vhus producing the local lesions at 62° to 65°. The 
alfalfa virus was inactivated at the same temperature, which agrees 
with the results of Pierce (12). 

TOLERANCE TO DILUTION 

The vhuses of the common bean mosaic, pea mosaic 2, and white 
sweetclover mosaic 'were not infectious at dilutions greater than 1 to 
1,000 (table 7). The virus of white clover mosaic producing the 
systemic and local lesions on beans and the alfalfa virus lost their 
infectivity at about 2 to 1,000 dilution. 

LONGEVITY IN VITRO 

The vhuses of the common bean mosaic and white sweetclover 
mosaic were not infectious after a^ng in vitro from 28 to 32 houi’s 
(table 8). This is in agreement with Pierce (12) with respect to the 
common bean mosaic. The vhus of pea mosaic 2 was inactivated at 
24 to 28 hours. The white clover vhus producing the systemic 
lesions on beans lost its infectivity after aging about 32 hours, whereas 
the vhus producing the local lesions was inactivated at from 28 to 32 
hours. The alfalfa virus was noninfectious at from 3 to 4 days^ aging. 
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Cojiparison of thermal death point of viruses of common bean mosaic^ pea 
white clover"mosaic, white sweetclover mosaic, and alfalfa mosaic, as 
determined hij production of systemic a?id local lesions on beans 


able '3.- 
?J,! OS a. 2C 


Reaction to virus of— 


White clover mosaic 


White 


Temperature ‘T C.) 

bean 

mosaic 

Pea 

mosaic 2 

Systemic 

infection 

Local 

infection 

Total lesions 

sweet¬ 

clover 

mosaic 

Local 

infection 

Total lesions 

. 

'5'^ i 'S’S 
a g i dSi 
?i ® j P-i 

Plants in¬ 
oculated 

ITants in¬ 
fected 

Plants in¬ 
oculated 

Plants in* 
fected 

Plants in¬ 
oculated 

Plants in¬ 
fected 

Plants in¬ 
oculated 

Plants in- 
fec ed 

Plants in¬ 
oculated 

Plants in¬ 
fected 


Ab.; Xb. i 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

Xo: heaie<i.1 

15 ; 12 ! 

15 

12 

15 

12 

15 

15 

13,715 

15 

15 

IS 

15 

21,347 


15 * 10 

15 

13 

15 

10 




15 

15 

15 

15 

981 

zf - ! 

lo > 7 i 

15 


15 

8 




15 

6 

15 

15 

601 

...1 

15 ! 0 

15 

0 

15 

9 

15 

15 

3,692 

15 

0 

15 

15 

298 

r;f* _ 

: 



15 

0 

15 

15 

3,180 



15 

13 

105 

f';2 .. 

.1. 





15 

15 

2,718 



15 

10 

26 

__ _ _ 

_i_ 

. 




15 

0 

0 



15 

0 

0 


! 














Alfalfa mosaic 


’ Total number of lesions produced on 30 inoculated primary leaves of Refugee Green bean variety. 
i Total number of lesions produced on 30 inoculated primary leaves of Red Valentine bean variety. 

Table 7. —Comparison of tolerance to dilution of viruses of conunon bean mosaic, 
pea mosaic white clover mosaic, white sweetclover mosaic, and alfalfa mosaic, as 
determined by production of systemic and local lesions on beans 

^ Reaction to virus of— 


Dilution 


W’hite clover mosaic 


I Common 
bean 


Pea 


mosaic j i^osaic 2 | Systemic 
I infection 



Plants in¬ 
oculated 

Plants iii- 
, fected 

Plants in¬ 
oculated 

ITants in¬ 
fected 

Plants in¬ 
oculated 

Plants in¬ 
fected 


No. 

No. 

No. 

No. 

No. 

No. 

None.. 

15 

11 

15 

11 

15 

15 

1 to 10.. 

16 

11 

15 

14 

15 

15 

ito im ..-.' 

15 

S 

15 

8 

15 

15 

1 to 200.-. 

15 

4 

15 

5 

15 

14 

Ito 400.. 

25 

2 

25 

3 

25 

13 

1 toSf»... 

1 25 

1 

25 

i 3 

25 

12 

Ito I, TOO .-. 

1 25 

1 0 

i 25 

1 0 

i 25 

6 

1 to 2,C»0. 

i 

1. 

I-- 

i. 

1 

1 


Local 

infection 


No. 

15 


m di 

d .2 


No. 

12,480 


White 

sweet- 

clover 

mosaic 


Alfalfa mosaic 


Local 

infection 


Plants in¬ 
oculated 

Plants in¬ 
fected 

Plants in¬ 
oculated 

Plants in¬ 
fected 

Total lesior 

No. 

No. 

No. 

1 No. 

Ab. 

15 

15 i 

15 

1 16 

2 795 

15 

15 

15 

15 

690 

15 

14 

15 

15 

221 

15 

5 

15 

13 

87 

25 

4 

15 

9 

28 

25 

2 

15 

3 

18 

25 

0 

15 

4 

12 



15 

2 

5 


1 See footnote I to table 6 . 
^ See footnote 2 to table 6. 
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Table 8.- —Comparison of resistance to aging of viruses of common bean mosaic, 
pea 77iosaic 3, white clover 77iosaicy white sweetclover mosaic, and alfalfa fnosaic, as 
determined by production of systoyiic and local lesions on beans 


Reaction to virus of— 


Time aged 

Common 

bean 

mosaic 

1 White clover mosaic 

i 

, Alfalfa mosaic 
White j 

jrea 

Systemic 
i infection 

Local 

infection 

sweet- i 

! Local 
; infection 

1 

zn 








! 1 . 





c-a * c ! s-r 1 s 

■Hv 



c ^ ' C's 1 

•s 



"5 S 

c; K. ^ ' X £ 

w 

7? cS i 


tc S 1 w "§ j a? S 

— 


aq 


i c 2 , c « . B B 

cv; 

-"S 1 C3 


p 'S ! n ' ri ^ 

as 


.2 o 


a 5 j , iS 2 ■ 

B S 

5-si: c 


s-S i « 5 : i=*2 

C 



pH 


- 

M 1 £r* 


Ph Ph - I Ph 



Xo. 

Xo. 

No. Xb. ! Vo. i No. ■ 

Xo. 

No. i Xo. 

Xo. 

No. Xo. \ Xo. 

No. 

None. 

15 

13 

i 15 : 11 ! 15 i 12 

15 

15 12,715 

IS 

11 ! 15 i 15 

\ 2|,710 

20 hours 

15 

11 

15 i 4 , 15 '■ 7 




S !.!. 


24 hours... 

15 

4 

1 15 ' 3 1 15 ■ S 

15 

ii 1 54 

15 

7 i 


2S hours 

15 

1 

i 15 S 0 15 ; 4 

15 

3 24 

15 

fu I 


32 hours.. . 

! 15 

! 0 

:..; 15 i 2 

15 

! 0 1 0 

i 15 

0 ._'_-. 

2 days.. 



i_'.; 15 ! 0 




.: 15 ' 12 

17 

3 days . . 






.! 15 i 2 

■> 

4 days. 





i_ 


_; 15 1 0 

0‘ 


1 See footnote 1 to table 6. 

2 See footnote 2 to table 6. 


RESISTANCE TO CHEMICALS 

The common bean mosaic xims was inactivated by 1 to 200 hydro-* 
chloric acid (35 to 37 percent) for 30 minutes (table 9). ^ The viruses 
of pea mosaic 2, white sweetclover, alfalfa, and the virus of white 
clover producing the systemic lesions on beans were inactivated b}" 
1 to 100 hydrochloric acid solution, while^ the virus of white clover 
producing the local lesions was still infectious at this concentration. 
The common bean mosaic virus lost its infectivity when treated vith 
50-percent alcohol. Pea virus 2, white clover mosaic virus, and white 
sweetclover mosaic virus were inactivated with 75;percent alcohol, 
whereas the alfalfa virus w^as still infectious at this concentration. 
The virus of common bean mosaic, that of wliite clover mosaic produc¬ 
ing the systemic lesions on beans, and that of white sw^eetclover 
mosaic w^ere not infectious w^hen treated with a 1 to 500 solution of 
37 -percent formaldehyde. The virus of pea mosaic 2 w^as inactivated 
with a 1 to 1,000 dilution. The wiiite clover virus producing the local 
lesions on beans and the alfalfa ^irus were inactivated with a 1 to 200 
formaldehyde solution. 
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® See footnote 1 to table C. 

2 See fwtnote 2 to table 6 . 

^ Concentrated solution containing 37-percent formaldehyde. 

DISCUSSION 

The evidence presented in this paper shows that the viruses of 
certain legimie mosaic diseases can be transmitted to beans, and that 
under certain conditions, especially in the field, the symptoms of some 
may be mistaken for the common bean mosaic. Under controlled 
conditions in the greenhouse little difficulty is experienced in dis¬ 
tinguishing the various diseases when the viruses are inoculated to 
bean. The more susceptible varieties, such as Stringless Green 
Refugee, are especially suitable for such diagnostic pm'poses. Fiir- 
themiore, there is a defimte varietal behavior to the several viruses 
which serves as a further means of differentiating between them. 

It^ has been demonstrated by the senior writer (^3) that several 
species of aphids are capable of transmitting the common bean mosaic 
virus, and it is probable that they are responsible for most of the 
secondary spread of the disease in the field. That some of this 
secondary spread may be caused by aphids transmitting certain of 
the legume mosaic virtues to bean is entirely probable. It seems 
likely that aphids feeding on mosaic-diseased legumes growing in 
close proximity to beans may transmit the virus to bean. The extent 
of this spread is not Imown^ but in some cases it might be considerable. 
It inay tend to explain why under certain conditions a field containing 
to exeeffiely' small amount of primary mosaic infection in the early 
part of tie growing season may at the end be very severely infected. 
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Field exaniinations in many sections of the country have shown 
that the mosaic diseases of some of the clovers are probably present 
wherever the hosts are found. In many of the bean-growing sections 
of the United States the sweetclovers are not only grown as cultivated 
crops but are also found growing in abundance along the Mghways, 
iiTigation ditches, and fence rows. 

Some of the clovers belonging to the genus Trifolium are found 
almost everywhere in the United States where beans are grown. 
No systematic search has been made for the occurrence of the mosaic 
diseases of the legumes already discussed; however, some were found 
without difl3.culty wherever searches were made. 

The symptoms of the mosaic-infected legumes are more easily 
recognized in the spring and in early summer than later in the season. 
In the case of peas growm at high altitudes, the mosaic symptoms 
are best recognized later in the summer. In general the diseases 
do not appear to stunt the plant, except possibly pea and bean, and 
then only when the infection occurs early in the development of the 
plant. Severely infected white and yellow sweetclover plants may 
be stunted in the spring, but later in the season they appear to be 
almost as vigorous as normal plants. 

Pea mosaic is not so wide-spread as common bean mosaic. Pea 
mosaic virus 1 has been found by the writers in Maryland, Montana, 
Washington, and California. Linford^^ in a survey of pea diseases, 
found mosaic in nine States, extending from the Atlantic coast west 
to Utah and Montana. He stated that in Maryland and New Jersey 
it reached its maximum in both abundance and severity. Pea 
mosaic virus 2 has as yet been found only in Maryland and Colorado, 
and it is believed to be less wide-spread than the common pea mosaic 
virus. In the canning sections of the Eastern and Middle Western 
States peas are usually removed from the land before the beans in 
the vicinity have grown to appreciable size, and hence the danger of 
spread from peas infected with virus 2 to beans is remote except 
where crop sanitation is not practiced. In the seed and market gar¬ 
den growing areas of the western United States peas are seldom growm 
in the same localities where beans are produced, which eliminates 
the probability of mosaic infection from that source. 

White sweetclover mosaic is found abundantly in the District of 
Columbia and in the contiguous sections of Maryland and Vnginia. 
It is probably equally as wide-spread in other parts of these two 
States. It has also been found in Wisconsin, Iowa, Nebraska, and 
Colorado. Surveys made in other States most likely would reveal 
the occurrence of the disease in them. 

White clover mosaic is possibly as wide-spread as w^hite sweetclover 
mosaic, but because the symptoms are somewhat inconspicuous it 
may be easily overlooked. It has been found ^wherever sought, but 
since white clover is not commonly grown in the Western States, 
it is of little importance there, and would not be a factor in the spread 
of its mosaic to beans. In the eastern and middle western bean- 
growing sections it may be a more important factor. 

Alfalfa mosaic does not appear to be as wide-spread as the virus 
diseases of white clover and white sweetclover. A careful search 
has been made in the East and in some of the intermountain States, 


fi Linford, M. B. pea diseases in the united states in 192s. U. S. Dept. Vgr., Bur. Plant Indus. 
Plant Disease Reptr. Sup. G7: 1-14. 1929. [Mimeographed.] 
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but only a small amount was found. Under high, temperatures 
the symptoms are masked; and since the inspections were made in 
the summer it is likeh^ that it was present but its symptoms were 
masked. Under California conditions, Weimer {20) reports it as being 
especially abundant in the spring of the year before the first cutting\ 

In the spring of 1931 white sweetclover mosaic was found veiy 
abundant^ in the vicinity of Rosslyn, Va., and marked symptoms 
were noted on practically all second-year growth. Preliminary evi¬ 
dence indicates that this mosaic is not seed-borne, but if so it is only 
in small amounts. The virus apparently overwinters in the roots 
of the plant and appears in the first growth in the spring. x4phids 
are commonly found feeding on such plants and probably transfer 
the virus to seedlings. 

The rapidity and ease with which white sweetclover mosaic may 
be transmitted from plant to plant was demonstrated under green¬ 
house conditions. In the fall of 1932 about 200 healthy seedlings 
w'ere planted in a greenhouse bench. The house was fumigated 
regularly until May, at which time most of the experimental work 
was terminated. At this time about 5 percent of the plants were 
inoculated and produced typical symptoms. The plants were allowed 
to grow^ during the summer, but no precaution was taken to control 
aphids. In the fall of 1933 all the plants were infected, the disease 
probably having been spread by the aphids feeding on the plants 
dining the summer. It is assumed that the disease is spread in this 
manner under field conditions from the biennial plant to the seed¬ 
lings and hence is present every year. 

White clover mosaic does not appear to be spread as readily as 
white sweetclover niosaic, since initially infected areas do not enlarge 
very rapidly. Aphids are found on this clover, but seldom in large 
numbers. The virus appears to overwinter in the roots as it does 
in white sw'eetclover, and reappears in the new^ grow^th in the spring. 

It has already been pointed out that red clover mosaic is not 
transmissible to beans, although it w^as shown by Doolittle and 
Jones (4), and substantiated by the winters, that it is transmissible 
to peas and sw^eet peas. Doolittle and Jones stated that it seems 
probable that red clover acts as a source of mosaic infection to peas 
m the field. 

It is quite likely that pea mosaic virus 1, w^bich is not infectious to 
beans, may have been the same as the one reported by Doolittle and 
Jones (4) and may be identical with red clover mosaic. The fact 
that pea mosaic virus 2 was infectious to beans clearly shows that 
theie are at least two forms of mosaic found on peas, and further 
studies may demonstrate more. 

The symptoms of red cloyer mosaic are not all alike. In fact 
they may be so variable as to indicate the possibility of more than 
one form. Prelimmary studies on_ peas have indicated that there 
maj be two forms, but a more detailed study of the viruses is neces¬ 
sary before any definite conclusions can be drawn. Whether all 
foms^of pea mosaic are actually identical with one or the other of 
to doyer mosaic diseases transmitted to peas is stiU unknown. 
iJOoMtte_«aid 4<33aes (4) were unsuccessful in transmitting the mosaics 
01 swceMPver am bean to garden peas and sweet peas. The writers 
on the other hand transmitted the mosiac diseases of white sweet¬ 
clover and white clover to pea and sweet pea. The symptoms pro- 
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duced on pea by these two viruses were indistinguishable from 
those caused by the pea viruses 1 and 2. They can be identified, 
however, by means of a cross inoculation to beans, where symptoms 
identical to those produced by the viruses of the specific hosts are 
produced. 

Eesults indicate that there may be more than one form of white 
clover mosaic, as shown by- inoculation studies vith beans and peas. 
White clover mosaic was obtained from several sources. Two speci¬ 
mens collected in the Eastern States gave identical results in that 
both produced local and systemic infection as previously described. 
Specimens collected in Colorado produced no local lesions, and the 
systemic lesions on Stringless Green Refugee beans somewhat 
resembled the symptoms produced by pea mosaic virus 2 except 
that the infection was not so severe. 

The production of local and systemic lesions on beans by wliite 
clover mosaic suggests the possibility of two distinct \druses, one 
producing local and the other systemic lesions. Numerous sources 
of white clover mosaic were used in the experimental work, with 
similar results. 

Since many of the clover mosaic viruses can be transmitted to 
other leguminous hosts, it is lilcely that infection studies alone might 
be misleading. The study of symptoms on susceptible bean vari¬ 
eties, and of the reaction to these viruses of the varieties resistant 
to the common bean mosaic, is helpful in separating them. That 
more than one virus may infect a single host is possible. Since white 
sweetclover is susceptible to white clover mosaic, it might harbor 
both viruses at the same time. Two or more viruses combined on 
one host might produce symptoms on beans different from those 
reported here. From this it is apparent that symptomatology is 
not alone sufficient in the diagnosis of virus diseases of many of the 
legumes, but that a study of the particular virus as to host maction 
and properties becomes essential. 

There have been a number of reports showing that in addition 
to the common bean mosaic other viruses are capable of being trans¬ 
mitted to bean. Carsner {2) showed that the vims of cuiiy' top of 
sugar beets is transmissible to beans. Nelson’s rugose mosaic of 
beans {11) appears to be different from any of the vims diseases 
reported here, especially on the basis of seed transmission. Pierce’s 
yellow bean mosaic (/^), on the basis of symptoms, transmission, 
and properties of the vims, appears to be a form of white sweet- 
clover mosaic described previous^ by the writers and not truly 
a bean mosaic. It is evident from a comparison of varietal resistance 
and susceptibility of beans that, although yellow bean mosaic is 
somewhat similar to the white sweetclover mosaic described here, 
it is not identical therewith. Pierce {12) reports that no varieties 
of the common bean have been found which are entirely resistant 
to the yellow bean mosaic. It is possible that these differential 
reactions may be due to the various bean strains employed. 

Data presented here show that Great Northern Idaho No. 1, 
Robust, California White, and Red Kidney (Dark Mahogany strain) 
beans are resistant to the white sweetclover mosaic vims. Pierce 
reported no test on the last two varieties, hut found the Great 
Northern Idaho No, 1 and Robust varieties susceptible to yellow 
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b^sn mosaic. 1. oliow boaii mosaic was reported to be noninfectious 
to peas VPerfectioii Taiiety). The writers,^ however,^ found the 
white sweetciover mosaic to be read% transaiiitted to this variety. 

}vlerkel (10) in Ms transmission work with aphids concluded that 
the same virus wms responsible for the mosaic of Phaseolm vulgaris^ 
Pmirfi saiiruM, Lathyriis odoratusj Lupinus luteus, Melilotus altis- 
sima, Trifoliiirfi pratense, T. hybridumj T. repens, Anthyllis vulneraria, 
and Viciafaba. It is apparent from the writers' data that more 
than a single ■\driis is responsible for the mosaic diseases of these 
legumes. 

Elliott s (5) mosaic virus of sweetciover and red clover was shown 
by him to be mutually transmissible as well as infectious to Medicago 
arabica and Viciajaba. He w^as unable, however, to infect Trijolium 
repens with it. This virus does not appear to be the same as that 
causing the mosaic disease of W'hite sw^eetclover and red clover 
reported here, because of the inabiUty of these two viruses to be 
cross-inoculated. The liriis of red clover has been shown by Dick¬ 
son (3) to be transmissible to a number of species of the genus Tri- 
folium and to Medicago lupulina, but not to Melilotus alba or to 
M, officinalis. Tliis mosaic may be similar to the red clover mosaic 
reported here but different from the pea mosaic virus 2, which, as 
has been pointed out, is not identical with the pea mosaic described 
by Doolittle and Jones (4)- Boning's virus disease from broadbean 
(i), wiiich he w’as able to transmit to red clover, crimson clover, 
and peas, may be identical with the pea mosaic virus 1 and the 
red clover mosaic reported by the w'liters. It may also be identical 
with the pea mosaic of Doolittle and Jones {4)- Pierce (I'B) states 
that the alfalfa mosaic described by liim wms distinct from the 
mosaic studied by Weimer {19, 20) and later b}" the wTiters {22, 24). 
The differences w'ere not pointed out. Weinier's alfalfa mosaic 
differs from the one discussed by Pierce {12) in its reaction to Corbett 
Refugee bean and to peas. Pierce states that Corbett Refugee is 
slightly susceptible to Ms alfalfa mosaic, wMereas the waiters w^ere 
unable to infect tliis vaiiet}-^. He also reports peas as being sus¬ 
ceptible, wMile negative results w’ere secured with the alfalfa mosaic 
used in the studies reported here. Since these differences are slight, 
it is not unlikely that Pierce's alfalfa mosaic is identical with Weimer’s, 
as reported earlier by the waiters {22, 24 ) as infecting beans. 

Hendei^son’s ring spot of sweetciover (S), w^Mch he transmitted to 
Turkish tobacco and petunia, is distmet from the white sw^eetclover 
mosaic reported here. The symptoms of tliis disease on white sw^eet- 
clover differ from those of the mosaic disease of this host. 

As yet little is knowm regarding the economic importance of the 
spread of the legume mosaics to bean. It is believed that they are 
responsible for considerable losses. Because of the similarity, under 
certain conditions, of symptoms betw^een the common bean mosaic 
and certain of the legume mosaics on bean, it is not unlikely that they 
have been mistaken for bean mosaic. Since the mosaic viruses of 
white clover and wMite sweetciover on bean have not been proved 
thus far to be seed-borne, it appears that they will never reach the 
importance of the common bean mosaic. The location of the bean 
plot so as not to be in close proximity to cultivated legumes, especially 
the clovers, and the eradication of those growing wild, may be helpful 
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in controlling, at least in part, the secondary spread of these virus 
diseases to beans. 

The development by selection of varieties resistant to the common 
bean mosaic (Corbett Refugee, Great Northern Idaho No. 1, and 
Robust) has been accomplished. These varieties have been used as 
parental stock in the production of other varieties of the canning and 
market-garden types resistant to the common bean mosaic. It is 
possible that varieties resistant to aU. of the legume mosaic diseases 
can be developed. The facts that Great Northern Idaho No. 1 is 
resistant to most of these diseases and Corbett Refugee and Robust 
are resistant to others offer promising parent material for the develop¬ 
ment and improvement of other resistant varieties. 

SUMMARY 

The viruses causing the mosaic disease of pea, white clover, alsike 
clover, white sweetcloyer, alfalfa, and sweet pea are all transmissible 
to beans, while the virus of red clover mosaic is not. The mosaic 
virus obtained from a bean hybrid proved to be distinct from the 
common bean mosaic and from any of the clover mosaics. 

The symptoms of the mosaic viruses from white clover, alsike clover, 
and white and yellow sweetclover, when inoculated to bean, may 
under certain conditions resemble the mottled and cldorotic condi¬ 
tions of the common bean mosaic. However, a careful examination 
under greenhouse conditions reveals specific differences. 

It is probable that various other mosaic viruses present in the 
several legumes may react differently from those reported in this 
paper notwithstanding similarity of symptoms. ^ 

The legume mosaic viruses produced systemic infection on beans, 
with the exception of alfalfa virus, which produced only local lesions. 
The white clover mosaic virus may produce both systemic and local 
lesions. 

The susceptibility and resistance of 31 bean varieties to the viruses 
of the legumes mentioned were determined. Tliirty out of 31 varieties 
of beans tested were susceptible to the pea mosaic virus 2, and the 
wliite clover mosaic virus produced typical symptoms on 29 out of 
31 varieties inoculated. The white clover mosaic virus on beans 
produced local lesions on 26 out of 30 varieties tested. Wliite sweet- 
clover mosaic infected 27 out of 31 varieties. Twenty-nine out 
of 31 varieties of beans were susceptible to the alfalfa mosaic virus. 
The virus of bean mosaic 3 infected 24 out of 30 varieties tested. 

The three bean varieties resistant to the common beau mosaic do 
not react identically when inoculated with the viruses of the various 
legumes. Great Northern Idaho No. 1 is resistant to aH of the viruses 
used except to that of the alfalfa mosaic. Robust is susceptible to 
the viruses of pea mosaic 2, white clover mosaic, and alfalfa mosaic. 
Corbett Refugee is resistant only to the alfalfa virus. Bean mosaic 
virus 3 is infectious only to Corbett Refugee. ^ 

The local lesions produced by tobacco mosaic and the tobacco ring 
spot viruses are different from those produced by the mosaic viruses 
of white clover and alfalfa, both in symptoms and in varietal suscepti¬ 
bility. 

The various leguminous hosts showed difference in resistance and 
susceptibility when inoculated with the several legume mosaic viruses. 
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2\rj eTidence of transmission of white clover mosaicj white sweet- 
clover mosaic, and bean mosaic virus 3 through bean seed was 

obtained. 

The thermal death point, tolerance to dilution, resistance to aging 
in vitro, and resistance to chemicals were determined for all the 
viruses. The thermal death point of the viruses of the common bean 
mosaic, pea mosaic 2, and white sweetcloyer mosaic was found to be 
between 56° and oS° C. The virus of white clover mosaic producing 
the sTsteiiiic lesions on beans was inactivated between 58° and 60°, 
wiiile^ that producing the local lesions on beans and also the alfalfa 
virus lost their infectivity at 62° to 65°. As for tolerance to dilution, 
the viruses of the common bean ^ mosaic, pea mosaic 2, and white 
sweetclover mosaic were not infectious at dilutions greater than 1 to 
1,000. The viruses of white clover mosaic producing both the sys¬ 
temic and local lesions on beans and the alfalfa virus were still infec¬ 
tious at 1 to 2,000 dilution. In experiments on aging in vitro, the 
vhus of the common bean mosaic and white sweetclover mosaic were 
no longer infectious after 28 to 32 hours; the virus of pea mosaic 2 
lost its infectivity at from 24 to 28 hours; that of white clover produc¬ 
ing the local lesions on beans was inactivated when aged from 28 to 
32 hours, whereas the virus producing the systemic lesions was not 
infectious after 32 to 48 hours. The alfalfa virus was inactivated 
after aging for 3 to 4 days. With respect to resistance to chemicals 
there were certain differences between the various dilutions of hydro¬ 
chloric acid, alcohol, and formaldehyde. 

Pea mosaic virus 2 is not believed to be as wide-spread as the com¬ 
mon pea mosaic. Alfalfa mosaic appears to be limited in its dissemi¬ 
nation. The mosaic diseases of white clover and white sweetclover 
have been found in many localities, and it is assumed that they are 
present wherever the hosts are grown. It is possible that beans"may 
become infected from the various legume mosaic viinses in the field 
as a result of aphid transmission. Until varieties resistant to these 
diseases have been developed, bean fields should be located as far 
from infected commercial clover plantings as possible. The elimina¬ 
tion of legumes growing wild along roadways, fence rows, and irriga¬ 
tion ditches may prove an effective control measure. 
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RANDOM SAMPLING AND THE DISTRIBUTION OF 
PHENOTYPES ON EARS OP BACKCROSSED MAIZE' 


By George F. Sprague 

Associate agronomist, Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture 

INTEODUCTION 

The distribution of a given phenotype on ears of maize (Zea mays L.) 
segregating for an endosperm character should be pm^ely random if 
determined by chance alone. ^ In classifying kernels on backcrossed 
ears the writer gained the definite impression that the distribution was 
not random. In conversation with other investigators he foimd that 
some held a similar opinion and that others thought the distributions 
were quite random. ^ The data presented here were collected to test 
the randomness of distributions of two contrasting phenotypes. 

MATERIAL AND METHODS 

Maize plants of the constitution Y-y Sii-su were pollinated with 
y-su pollen. This permits the expression of the gametophyte as 
determined at m.eiosis in the pistillate mfloi'escence. The cross made 
in this way also permits a more accurate separation of yellow (F) and 
white (y) seeds and eliminates any possible disturbing eflect of pollen- 
tube growth factors or differential establishment of pollen tubes. 

The phenotype of each kernel for each of 81 ears from this cross was 
recorded by code, as illustrated in figure 1. The frequencies of groups 
of 1, 2, 3, etc., individuals were then tabulated. It was originally 
planned to study the distribution of phenotypes both vertically and 
laterally on the ear. During the accumulation of the data, however, 
it became apparent that distribution in the lateral direction niight be 
inaccurate because of spatial changes occurring between meiosis and 
maturity. The data presented represent the distributions in vertical 
rows only. 

EXPERIMENTAL RESULTS 

The contrasting phenotypes, T-y and Sw-sw, are expected to occur 
with equal frequency. With random distribution the expected num¬ 
ber of groups of a stated size wiU be given by the expression 
where n is the number of kernels in the group in question and N is the 
total number of groups. 

Two methods have been used in estimating the randomness of the 
various distributions. The fimt estimate used was P, calculated from 
the test. The second method ^ attempts to answer the question 
whether or not the data are consistent with an independent 1:1 chance 
for each kernel. If there are a individuals in a set of consecutive 
kernels, the phenotypic change from one kernel to the next is inde¬ 
pendently decided a—l times. The number of possible changes in 
any given population is then S{a—1), If this value differs signifi¬ 
cantly from half that of S{a), then an independent 1:1 chance for 

1 Received for publication July 24,1935; issued December 1935. 

2 The writer is indebted to R. A. Fisher for suggesting this procedure. 
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each kernel has not been realized. The deviations of 
divided by the probable error furnish the second estimating statistic. 
Hereafter the first method will be designated as the probability method 
and the second the deviation method. 

The observed frequencies for the individual phenotypic classes are 
presented in table 1. It is quite apparent that the distributions are 
not random in any case. The distributions of the sum of the yellow- 
white and starchy-sugary group also are presented. This distribu¬ 
tion is merely one of groups of a given size irrespective of phenotype. 
In both the^ yellow-white and starchy-sugary combinations the x“ 
values are higher than those of either component distribution. This 
indicates that the distributions tend to be biased in the same direction. 
It is apparent that this bias operates to increase the number of groups 
with one kernel per group and decrease the number of groups with 
three or more kernels. 


Table 1. —Frequencies of phenotyjyic groups of a given size^ and prohability of 
randomness of these frequencies 


Kernels per group (number) 

Frequencies of groups of phenotype indicated 

. . 

r 

y 

Y+y 

Su 

su 

Su+su 

1.. 

2,522 

2,572 

5, 094 

2,532 

2,639 

0,171 

0 

1,159 

1,155 

2,314 

1,213 

1,148 

2, 361 

3-..-... 

595 

553 

1,148 

536 

522 

1,058 

4. 

256 

265 

521 

265 

255 

520 

5.-... 


111 

235 

126 

117 

243 

6 .-.-. 

67 

51 

118 

50 


117 

7 

25 

24 

49 

34 

33 

67 

8.-. 

13 

17 

30 

11 

11 

22 

.-. i 

9 

14 

23 

12 

11 

23 

Total. 

4. 770 

4,762 

9,532 

4,779 

4,803 

9,582 

X®-.-. 

30.45 

45.89 

70.81 

36.51 

57.96 

87.88 

P.-.- 

<0.0002 

<0.0002 

<0.0002 

! 

<0.0002 

<0.0002 

<0.0002 


Missing kernels should occur in the different classes in proportion 
to the total number of kernels in each class. Twenty-five percent 
therefore should occur in classes of one indmdual, 25 percent in 
classes of two individuals, etc. Missing kernels in the first class will 
result in an increase in group size because of coinbming adjacent 
groups. Groups originally involving two or more kernels but depleted 
by a single missing kernel will contribute equally to aU groups smaller 
than the one in which the miss occurs. The occurrence of groups of 
missing kernels, which is noted much more rarely, likewise contrib¬ 
utes to the smaller groups, though the contributions may not be 
equal. The net effect is an increase in the number of one-kemel 
groups and a decrease of all other size groups. 

The distribution of groups adjacent to a missing kernel was tabu¬ 
lated and found to be in general agreement with the expectations 
outlined above. This indicates that missing kernels is one factor 
contributing to the bias indicated in table 1, and in consequence 
correction for missing kernels appears legitimate. 

Missing kernels may be corrected for in two ways, by eliminatmg 
all kernel rows with, missing kernels and by ehminating the groups 
adjacent to a missing kernel. A priori it would appear that these 
two methods should be equally effective. The comparative results 
are presented in table 2. 
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XiBLE 2.—Esihf)nte^ of mndomnes^ of the frequencies of phenotypic groups after 
correction is made for missing kernels 


Values for plienotji3e indicated 


Sjure'j of data 

hsti mat¬ 
ing sta¬ 
tistic 

F 

y ! y-ry 

1 

Su 

su 

Sui-\-su 

Entire dal a: no correct ion. 

Correetefi for missin? feernels.-i 
Eliminaiionof groops adjacent ! 

to skip ■ - - I 

Elimination of kernel rows i 
coataiainga skip 2 .. j 

pt_ 

{d-~- 

<0. 002 
7. 92 
.29 i 
2.3 i 
.38 : 

2.0 i 

< 0.002 

10.25 

.25 

4.1 

.35 

3.0 

<0. 002 
12. 05 
.04 
4.5 
.11 
3.0 

<0. 002 
S.9 
.07 
4-2 
. 15 
3.4 

<0. 002 
10.6 
.06 ' 
5.4 
. C4 
5.4 

<0. 002 
13.8 
.01 
6.5 
,02 

G. 2 


^ Determined from x". 


2 The deviation of } ^Siaj—SCa—l) divided by its probable error. 


l\Tien the correction for missing kernels is accomplished by elim¬ 
inating groups adjacent to the skip (table 2, method 1), the distri¬ 
bution for each phenotype is within the limits of random sampling as 
estimated by P determined from The fits for the starchy and 
for the sugary distributions are considerably poorer than those for 
the yellow and white. In both cases the distribution of the sums 
gives a poorer fit than either component, indicating that a slight bias 
still exists. 

"When the correction for missing kernels is accomplished by elim¬ 
inating kernel rows with missing kernels (table 2, method 2), the 
probability for the randomness of all distributions, save one, is 
slightly higher than when the previous method of correction is used. 
The differences between the two methods, however, are not significant. 

The corrected data indicate that for the starchy-sugary distribu¬ 
tions a significant bias still is operative. There is a suggestion that 
a smaller though similar bias is operative in the yeUow-white distribu¬ 
tions- The deviations on the basis of an independent 1:1 chance for 
each kernel are clearly significant. 

In the maize ear, judging from the development of the s^s, meiosis 
begins m a region near the base of the ear and proceeds in a regular 
manner in both directions. The distribution of the end group^ of 
each kernel row might conceivably be biased, owing to a possible 
limitation in size. The possibihty was tested by separating the pop¬ 
ulation into two subgroups. One subgroup was composed of the end 
group of each kernel row, and the other was composed of the re¬ 
mainder of the ear. The results are presented in table 3. The sub¬ 
group composed of the end group of the butt and tip of each kernel 
row is quite random, as indicated by both the probabiEty and the 
deviation methods. The subgroup composed of the remainder of 
the ear is clearly not random. The distributions of these two sub¬ 
groups for the total and Su-su phenotypes are compared with 
theoretical expectancy in figures 2 and 3. 


Table 3. —Esiimaies of randomness of the frequencies of phenotypic groups aft&r 
separation is made into hutt-tip and middle subgroups 


Source of data I 

Estimating statistic 

Values for phenotype indicated 

Y 

V 

; y+v 

Su 

su 


Sal^wips: 1 

fP^ . 

0.49 

.1 

.51 

2.8 

0.26 
.8 
.09 
5.2 

0.28 

.6 

.02 

5.4 

0.76 

1.7 

.04 

4.1 

0.80 

.3 

.002 

6.1 

0.47 

.4 

.001 

7.0 


In a . 

fP-.1 


w . 


s D^temlaed from x*- 


3 The deviation of 34S(a)“S(ff--l) divided by its probable error. 
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A bias which involyes all portions of the ear except the end groups 
might arise through limitations imposed by the length of each kernel 
row. As an^ extreme example, a group of 8 kernels could have its 
point of origin in only three places in a row having only 10 kernels, 
and only one of these could be included in the subgroup designated 
as remainderin the preceding paragraph. In other vrords, only 
10 percent of the theoretical places of origin can lead to an inner group 
of eight kernels. A similar but decreasingly important limitation 
will be noted as longer and longer rows are involved. An estimate of 
the importance of this limitation was obtained by selecting two sub- 
groups from the total population. One group was composed of ears 



/^/2£^^£NC/£S 0£ S£rr r/P (zPOl/P£ 

Figure 2.—Comparison of observed and theoretical distributions in the subgroup comiwsed of the butt 

and tip end groups. 

having 25 or fewer kernels per row with a mean^ of 19, The con¬ 
trasting group had 35 or more kernels per row vdth a mean of 38. 
The comparisons are presented in table 4, 


Table 4. —Estimates of randomnesB of the frequencies of phenotypic groitps after 
separation is made into long and short kernel row subgroups 


Source of data 

Estimating statistic 

Values for phenotype Indi'cated 

F 

¥ 

F+ff 

8a 

su 

Sui-^u 

Subgroups: 

35 or more k^nels per row, 

25 or fewer kernels per row ; 

fc:::::::;::::::::::::::: 

0.06 

2.80 

.06 

3.77 

0.13 

2.13 
! .14 
i 2.78 

0.12 
2.92 
.08 
4.64 i 

0.50 

.37 

7.01 

6.44 

0.04 

2.57 

.30 

1.72 

0,76 

Z05 

.01 

5.89 


2 Determined from ^ The deviation of }.4S(a)—S(a—l) divided by its probable error. 
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Figure Comitarlson of observed and theoretical distributions in the subgroup composed of all the ear 
except the butt and tip end groups. 
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In the majority of cases the distributions for the ears with longer 
kernel rows are more nearly in accord with expectancy than for the 
shorter, though the differences are not great. By a process of com¬ 
bining adjacent end groups when similar in phenotype, it is possible 
to consider the material from the 81 ears as belonging to a single 
kernel row and thus eliminate variations due to length of row from 
ear to ear. This has been done, and the comparison is presented in 
table 5. 


Table 5. —Estimates of rayidomness of the frequencies of phenotypic groups when 
the entire population is treated as a single kernel row 


Source of data 

Estimating statistic 

! 

1 

Values for phenotype indicated 

Y 

■ ^ 

y+s? 

Se 

su 

Su-rsu 

1 

All ears combined in 1 feernel 
row. j 

.—-. 

2__ 

0.11 

1.22 

0.77 

.12 

0.10 
.95 

0.36 
' .2S 

0.72 1 
1.3i 1 

0.95 
1.29 


Determined from x*'. 

2 The deviation of }i S(a)—S(a—1) divided by its probable error. 


This distribution was also corrected for missing kernels by dis¬ 
regarding groups adjacent to a missing kernel. When this comparison 
is made the distribution is entirely random as judged by either esti¬ 
mating statistic. This distribution for the Y~y segregation is given 
in figure 4. 

The segregation for the contrasting allelomorphs Y-y and Su-su 
are in fair agreement with the expected 1:1 distribution as judged by 
their deviation-probable error values, but there is a slight excess over 
expectancy of ears having large deviations. A comparison of the 
relative agreement with expectancy for ears of this group with ears 
whose deviations are half their probable error or less show^ed no 
significant difference between these two subgroups. 

The correlation betw^een size of adjacent groups was determined 
from a double-entry table. In the preparation of this table, butt and 
tip groups and groups adjacent to a missing kernel were not used. 
Thus the first and last usable groups of each kernel row were involved 
in only one comparison, while the intervening groups were used twice. 
The values of r so calculated were found to be —0.001 ±0.008 for the 
Y-y and —0.004±0.0123 for the Su-su phenotypes. Neither of these 
values differs significantly from zero, which is the value expected 
with a purely random distribution. 

SUMMARY 

The distribution of groups of 1, 2, 3, etc., kernels of the yellow- 
white and starchy-sugary phenotypes was studied on 81 back crossed 
ears of maize. The data as originally collected were found not to be 
random, contrary to expectation. 

A bias operated to increase the number of groups with 1 kernel per 
group and to reduce the number having 3 or more. 

Missing kernels and length of kernel row were foimd to be the 
chief sources of this bias.^ When corrections were made for these 
disturbances, the distributions were well in accord with expectancy. 
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Fighek 4.—D,istribiitioii of the Y-f phenotype from 81 ears considered as being from a single kernel row. 
Storliip at to top of the left column, the distribution proceeds down each column progressively^ward 
ihi rigai. The classes marked with an asterisk represent combined classes at the Junction bet'vreen two 
A. dash between classes indicate a hinction between ears in which the end grcttps were 

OTtiifce and therefore not combined. 
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INTRODUCTION 

In recent years, particularly during the last decade, considerable 
effort has been directed by yarious investigators to the hybridiza¬ 
tion of the genus Tritieuph with the closely related genera Aer/IIops. 
f^eeaJe^ Haynaldia^ and Agropi/ron, This has been done to extend 
the knowledge on their genetics and cytology, to supply possible in¬ 
formation on the phylogenesis of TrJticKnK and to determine fur¬ 
ther the economic possiWlities of intergeneric and interspecific hy¬ 
bridization. 

The early literature involving hybridizations of Trithpun^ 
Ae(jUopt<, and Secale has been reviewed by Bleier (i),“ Kajanus (d), 
Watkins (i/3), Longley and Sando (.^), and others. More recently 
Oehler (5) has published an extensive paper on crosses of TrHieum 
with Aegtlops. Of the 5 genera, i. e., Tniieim, Aegilops^ Secale. 
Hagnaldia. and Agropyron^ the last 2 have received less attention 
by investigators. 

Hagnaldia has been classified botanically under Tritkunu Secali\ 
and Agropyron and as an independent genus. The writer considers, 
however, that Hagnaldia is differentiated froni Tritieiinu Secale. 
Aegilops^ and Agropyrarh by characters of sufficient taxonomic im- 
poifance to be considered a separate genus. 

As early as 1914 Kaineri (0) reported the production by Stram- 
pelli in Italy of hybrids between Trificum rilfosian {Hagnaldia) 
and Tritieimi. Tschermak {7\ S, 9) also obtained hybrids between 
T. rillosuai and several species of Tniticunu one of which {T. rillo- 
mm X T. turgid urn) was fertile. 

Bleier (^). Tschermak {S. 0). Tschermak-Seysenegg {10)^ and 
Oehler (d) reported hybrids between Trificum idllosurn and Aegi~ 
laps. Only recently (i93Jl) Verushldne and Shechurdine (11) re¬ 
ported the hybridization of Triticuni with Agropyron. 

The present paper records results from the hybridization of 
Hagnaldia rillosa (L.) Schur. with different species of T rift mm 
and with Secale fragile L. Illustrations of the parents and hybrids, 
together with detailed morphological descriptions, illustrations, and 
data on fertility, are also presented. 

^Received for publication July 11, lOHJ: ii?siiecl January 10S6. 

^Reference is made by number (italic) to- Literature Cited, p. 799, 
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MATERIAL AND METHODS 

T!h‘ st!€d of Trlticum dJcoccoJJe^ Koeru., T, dlaocciuii bcliniiik, 
1\ dunim Desf.. T, tvrrjfdum L.. T. poloniciuii L., T. indgare Yill.f* 
f. coinpaotunf^ llost, T. spcJta L., and Sccale cvreale L. were obtained 
from the collection of the Division of Cereal Crops and Diseases, 
Bureau of Plant Industry, United States l)e]nirtinent of AgruMil- 
ture. Tlie seed of T, tirgdopoldo^ Forsk., T. fhiwpheecl Zhuk.. 
S(‘aale fno/JIe. S. eereaJe '^subsp. aticCKfrale Zhuk., and Ilaynaldki 
tiflosa were obtained from Dr. P. M. Zhukovsky, of the Bureau of 
Applied Botanv and Genetics, Union of Soviet Socialist Kepublies. 

Tlie crosses herein reported were made in the spring of 1930 in 
a greenhouse on the Arlington Experiment Farm, near Washington, 
IX C.. and the parental an<l hybrid plants were likewise grown there. 
Preparatory to hybridization several upper and lower^ spikelets on 
a head were <^xcis'ed before blooming. Emasculation of the remain¬ 
ing flowers was then effected and the head enclosed in a glassine bag. 
Several days later when the stigmas had reached the stage of recep¬ 
tivity the glassine bags Avere removed and pollinations made, after 
wliich the glassine bags Avej*e again replaced until maturity. Ilai/- 
mddUi rdJosa Avas used as the pollen parent only in all of the crosses 
herein recorded. 

To avoid unfair comparisoiis of characters subject to variation 
AApen plants are grown under different environments, all of the par¬ 
ents and hybrids were groAvn together in the same greenhouse in 
G-inch iiiiglazed earthen pots filled Avith a uniform mixture of com- 
])osted soil during tlie same period of a single year. 

Table 1 giA^es a list of the crosses and the results obtained. 


Table 1.— made iriih IIa\ianldia rillom ax the male parent, and rcaulti^ 

obtained 


Female parent 

Flowers 

pollinated 

Seeds 

obtained 

Seeds 

sown 

Plants 

obtained 

Tritku m aegilopoideB ...-.. 

Number 

160 

Number 

41 

Number 

10 

Number 

9 

T. iimopheel'i ....... 

64 

4 

2 

2 

T. dkoccoides var. sponianeonigntm ...... 

116 

20 

17 

7 

T. dkoccum var. Khapli. ______ 

188 

14 

5 

.1 

T. dkoccum var. Black AVinter_ _ 

32 

0 

A 

' 6 

T. durum var. Arnautka.-.... 

no 

14 


5 

T. durum var. Mindura.... 

96 

S 


1 

darwTO var. Kubanka_ ...| 

82 

15 

7 1 


T, turgidvm var. Alaska___ __■ 

156 

69 

18 1 

I 15 

T. palonkun var. C. I. 741IS i____ _i 

110 

13: 

5 

2 

T. tutgure var. C. I. 62231___ 

325 

8 

8 


T. rulffme var. Hard Federation___ 

90 

0 

0 i 

‘ u 

T. mitgare var. Velvet Chaff..-_____ 

120 

0 

0 ' 

: 0 

T. ruigare var. Nittany___ _____ 

400 

1 

1 i 

0 

T. eompacium var. Coppei__ 

! 130 

2 

.> 1 

i ! 

0 

T. sptiia var. Alstroum______ 

i 95 

5 

' 0: 

1 0 

Secak cereak var. Abruzzes...... 

' 148 

i . 0 

i 0 

0 

-S’, meale subsp. an.ce&trale ______ 

1 80 

0 

! 0 ; 

1 0 

S. fmgiie ..... .. 

I TO 

I 35 

1 14 I 

__ 1 


5 Acee.sslon number of Division of Cereal Crops and Dis^ises. 
3 Died before formation of third leaf. 


The more gross characters were studied by simple inspection, 
Avliile the less gross, such as trichomes, required the use of a binocular 
dissecting iiiicrosco|>e accurately to record form and dimensions. 
Because of the great variation in their length, diameter, and distribu¬ 
tion the trichomes Avere studied in considerable detail. To differen- 

to the rules of botanica,! nomouclature the name of this species is Tritivum 
mmiimm Ij.:f mi m T. vuJgare is in general use among agronomists, cereal pathologists, 
;aM:^iietieists, the trriter gives preference to the latter form. 
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tiate the yariatioiis of more or less similar morphological structures 
the terms used in this paper are defined as follows: 

A iricJioiiie is any euidernml hair structure. 

A papilla is a iniiuite, usually slightly uoiuted headlike protuberance 0.0;^ .to 
u.d-l nun at its greatest diameter and 0.02 to 0.05 mm in perpendicular 
extension. The small papilhu^ shown in plate 1, .1, were found on the exterior 
surfaces of the glumes and lemmas of various species of Tritiaum and Secale. 
The large papillae shown in plate 1, B, are 0.025 to 0.0.5 imn in diameter and 
0.02 to 0.0-5 mm in length and were found on the glumes and lemmas of 
Jlaifualdta villosa. Plate 2, D, shows large papillae found on the lemmas of 
Ha !/naldia villom. 

An a.s^pcrite is a short, tapering, rigid antrorse point or sharp protriiberance. 
The asperites shown in plate 1, P, are O.OS to 0.2 mm in diameter and 0.06 
to 0.5 mm in length and were found on the awns and on the exterior surfaces 
of the glumes, lemmas, and leaf edges of species of Trltienm, Seeale, and 
HaifnaldUh, Plants bearing >small asperites or rigid antrorse points are 
designated scabrid. 

A .S'/n/r ai^perite is a large asperite which resembles in sbane the horny 
apiiendage on the leg of a cock. The spur asi)erites shown in plate 1. D, an^ 
0.07 to 0.8 inni in diameter and 0.5 to 1.6 mm in length and are fonnd on th(‘ 
keels of lemmas of Secale species. Plants hearing spur asperites are designated 
scabrous. 

A i<apera,^perife is a greatly enlarged asi>erite, 0.0.5 to 0.2 nun in diameter 
and 0.6 to- 8 mm long. Superasi>erites are found on the glumes of Tritieiim 
polonlciwu T. tlmophecvi. and the Ft hybrids resulting from the hybridizing 
of Haiinaldia with all of the species of Secalc and Tritlcum except T. poJiml- 
eum. Plate 1, E. shows superasperites produced on the glume and lemma 
keels of an Fi hybrid resulting from the crossing of T. tunjldum, whi('h pos¬ 
sesses asperites on its glume and lemma keels like those shown in plate 1, 65 
with H. viJUmi, which possesses bristles on its glume and lemma keels like 
those shown in jdate 1, (x. Plate 1, F, shows superasperites pnuliiced on the 
lemma keels of hybrids between >S’. fra(fU(\ which iw^ssesses asperites (m its 
lemma keels like those shown in plate 1, Z>, and Ji. vilhhsa. whicli possesses 
bristles on its lemma keels like those shown in plate 1, Q. 

A hrintle Is a stifiish, resilient, aciciilar process 0.02 to 0.(15 mm in its 
greatest diameter and 0.2 to 5.0 mm in length. It is usually thicker in the 
middle than at either end. The bristles illustrated in plate 1, G, are 0.02 to 
0.05 mm in diameter and 0.2 to 5.0 mm in length and are found on the lateral 
edges of the rachis internodes and usually in a tuft at the base of the spikelets 
of species of Trificum, Secale, and Haj/naldia. They are also present in tufts 
on the keel of the glume and apex of the lemma of Hai/ttaldia. 

A kair is a slender flexible process 0.015 to 0.1 mm in diameter and 0.1 to 
6.0 mill in lengtli. From its greatest diameter at the base it tapers to a point. 
Hairs 0.25 to 5 mm in length and 0.03 to 0.00 mm in width are found on the 
auricles of species of Tritieum. Secalc. and Hajfualdia. Tiie hairs illustrated 
in plate 1, IL are 6 mm long and 0.07 to (MH^ mm in diameter at the base. 
Thwe long hairs are found on the auricles of h.vhrids of T. palrmicum and 
T. tUnoplivcri with H. r'dlma. The hairs illustrated in plate 1. /. are 0.(12 to 
0.(M nun in diameter and 0.7 to 1.7 mm in length and are located on the hali- 
ciiles, edges, and iipiier and lower surfaces of the leaf blades and the edges 
and exterior surfaces of the leaf sheaths of l^nficum, Hapnahtia. and Secale. 
The hairs shown in plate 1, d, are 0.015 to 0.08 inm in diameter and 0.1 to 0.2 
mm long and are foiiiul on the leaves aiul ncKles of some species of Tritieum. 
This type of hairiness is referred to as puheruleuce. The hairs illustrateil in 
plate 1, K, are 0.015 to 0.08 mm in diameter and 0.8 to 0.7 mm in length and 
may usually lie observed on the exterior surfaces of the glumes, lemmas, and 
paleas of certain varieties of Id'iticiim and Secale. This type of hairiness is 
referred to as pubescence. 

THE PARENTS 

HAYNALDIA VILLOSA 

Tlie plants of Haynaldia riJlosa have an upright habit of growth 
and in the writer’s cultures have attained an average height at ma¬ 
turity of 124.5 cm. llie culms are hollow at a point 2.5 cm below 
the head, glaucous, glabrous, and purple-pigmented (pL 2, A; pL 3, 
Fn Tho -nnrles are f?labrotis. 
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The kilt blades are 7 mm ^Yide and covered on the upper and lower 
surfaces with soft hairs 0.5 to 1 inni The edges of the leaf 

blades are scabrid and lieset wuth hairs 1 to 2 mm long. The leaf 
sheaths are striate, usually weakly purple-pigmented, glaucous, and 
irlabroiis. One plant was observed with a trace of haiivs on one leaf 
sheath. No hairs are present on tlie overlapping edges of the leaf 
sheaths. The auricles are 1.5 to 2 mm long and are beset with a few 
hairs 4 mm or less in length. Tlie ligules project 3 mm from the 
point of attachment to the leaf. No hairs are present on the upper 
surface of the leaf blade immediately above the ligule (pi. 4, 0). 

The spikes are extremely fragile, 10 to 14 mm wide across the two- 
ranked face. 7 to 9 cm long, and composed of from twenty to thirty- 
two 2- to 3-flowered spikelets (fig. 1, 0). The two lower florets of a 
spikelet usually produce kernels that average 4.7 mm in length (pi. 
2, ff). At maturihv the raohis breaks with a clean fracture at its 
joints into small segments, at the apex of each of wdiich is attached a 
spikelet (pi. 5, C). 

The spikelets are 5 to 6 mm wide and 12 to 15 mm long exclusive 
of the awns ([)!. 5, 0). On the exterior side of the spikelet at the 
base are a few shoit bristles 0.5 mm or less in length (pi. G, C). At 
the base of tlie spikelet on the side facing the rachis are also a few 
short bristles 0.3 mm or less in length (pi. 7, f'). These bristles some¬ 
times are grouped together, forming a small tuft. 

The rachis interiiodes are obovate, 2 to 3 mm long, and each is 
glalirous except for a prominent tuft of bristles i to 3 mm long, 
which is located on the lower half of the two lateral edges (j)l. 8, 

The glumes are glaucous, partly papillate, 1 to 2 inm wude, and 
5 to G mm long exclusive of the awn and possess four nerves which 
converge townird the apex of the glume, where they fuse and form 
a purple scabrid awn 1 to 3 cm long (pi. 5 0), The two central 
nerves form distinct keels that are .separated by a longitudinal chan¬ 
nel about 1 mm wdde at the center (fig. 1, pi. 5, C), Each glume 
has two keels, wdiicli are beset wuth tufts of bristles 1 to 3 mm long 
(pi. 5, (’). The bristles extend upward farther on the front keel and 
are more abundant than on the rear keel. Sometimes the keels of the 
glumes may be (*ompletely devoid of bristles and possess only asper- 
ites or papillae, or l)otb of these may be present together. The glume 
shoulders are wide, elevated, rounded, and nondentate (pi. 5. C). 

The lemmas are 2 mm wide, 11 to 13 mm long, and papillate on 
their convex surfaces. Each has five nerves, the middle one of 
which forms a keel that terminates in a purple scabrid awn 3 tO' 4.5 
cm long (pL 5, C; pi. 2, D). At the apex of the lemma to the right 
and left of the awm is a short tooth 1 to 2 mm long (pi. 5, T). Some 
of the nerves of the lemma are scabrid. At the apex of the lemma 
on the keel are several tnfts of bristles (pi. 5, C). 

The paleas are entire, not split. The lodicules are 0.0 mm wude 
and 2 mm long and are beset with hairs 0.05 mm long. 

TRITICUM AEGILOPOIDES 

The plants of TnHJcum aegllopmdcs have an upright habit of 
growth ftMi an average height at maturity of 93 cm. The 

culiias are liongkucous, wnthout purple pigment, papillate, and solid 
at a point 2A cip below the head (pi. A). The nodes are abun¬ 
dantly pubescent with hairs 1 mm or less in length. 
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Plate l 



Trichomes: i4, Papillae on glumes and lemmas of Triticum and Secale; JS, papillae on glumes and lemmas 
of Haynaldia milosa; C, asperites on glumes and lemmas of Tritkum, Secale, and HafnaMn; D, spur 
asperites on lemma keels of Secale; E, superasperites on glume and lemma keels of Fi hybrids of T, far- 
gidum var. Alaska X H. villom; F, superasperites on lemma keels of hybrids of S,ffa§ik X -fif- viUma; 
G, bristles on glumes and lemma keels of H. mUom and on spikelets at the base and edges of radbfe fetor- 
nodes of Tritkum, Secale., and HaynalMa spp.; H, hairs on auricles of H. viUma, S. fragile^ and aH of the 
species of Triticum used except T. polonicum; I, hairs on lodicules, leaves, and leaf sheaths of certain 
species of l^Uicum, Secale, and Baymldia; J, hairs on leaf blades and nodes of cerMn species of l^Ukum; 
K, hairs on glumes, lemmas, and paleas of certain varieties of Tritkum and Semk. X 10. 















intergeneric Hybrids of Triticum and Secale 


F^naetes: ^4,^ Mafnaldia rillosa; B, Fi of Secale fragile X H. rillosa; C, S. fragile. Papillae on lemma; 
Bj, m$mMm dlhm. X about 15. Kernels: E, Triticum turgidum var. Alaska; F, Fi of T. turgidum 
X ollcwa; G, Fg of T. turgidum X H. rillosa; //, IF rillosa. X about 4. 









Intesrgencric Hybrids of Triticum and Secale 


Plate 3 



Cross sections of culms at a point 2.5 era below spite: A, Triticum aegihpoides;. B, Fi of T. aegUopoUes 
X Hugmldia mllosa; C, H. lillosa; J), T. durum var. Kubanka; E, Fi of T. durum X M. mllom; P, H. 
vUlosa; G, Secale fragile; H, Fi of S. fragile X II. villosa; /, H. rillosa. X about 15* 




Interfen«ric Hybrids of Triticum and Secale 



Portions of leaf blades and sheaths with and withont tufte of hairs behind ligules: A, Secale fragile; B, Fi of iS. fragile X Haynaldia viLlosa; C, H. villosa. X aboiit'15. 
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Tile leaf blades are 5 nmi wide and covered on the upper and 
lower .surfaces with soft hairs 0.5 to 1 mm long. The margins of 
the leaves are scabrid and beset with hairs 1 to 1.5 mm long. The 
leaf sheaths are pubescent, nonglancous, without purple pigment, 
and the overlapping edges are beset with many hairs 1 to 1.5 mni 
long. The hairs on the overlapping edge of the upper leaf sheaths 
are few or entirely absent. The auricles are 1 mm long with hairs 
to 5 mm in length. The ligiiles project 1 mm from the point of 
attachment to the leaf. 

The spikes are extremely fragile, laterally compressed, 5 mm wide 
across the two-ranked face, and 7 to 9 cm long exclusive of awns, and 
(consist of from twenty to forty 2-fiowered spikelet.s (fig. 1, ^1). 
Each spikelet produces a very small laterally compressed kernel. 
At maturity the raehis breaks with a clean fracture at its joints into 
small segments, at the apex of each of which is attached a spikelet 
(pi. 5. A). 

The spikelets are 2.5 to 2.8 mm wide and 9 mm long, exclusive 
of awns (pi. 5, A). On the exterior side of the spikelet at its base 
is a prominent tuft of bristles which are 0.5 to 3.0 mm long (pi. 5, 
.1). At the base of the spikelet on the side facing the raehis is a 
small tuft of hairs which are 0.5 mm or less in length. 

The raehis internodes are oblong, 2.7 mm long, and glabrous except 
on the two lateral edges, which are fringed with numerous bristles 
0,5 to 3.0 mm long (pL 5, A). 

The glumes are nonglancous, 1 mm wide, 5 to 7 mm long exclusive 
()f beaks, papillate on their convex surfaces, and possess 4 or 5 nerves, 
2 of which are prominent and beset with asperites 0.15 mm in length. 
The rear one of the 2 prominent nerves forms a keel that terminates 
in a short beak 1.5 mm long (pL 5, A). At the apex of the front 
nerve is a short, pointed tobth 0.5 mm long (pi. 5, A). The glume 
shoulders are narrow and oblique, with a sharp-pointed tooth (pi. 
5, A). 

Tlie lemmas are 1.5 to 1.8 mm wide, 7 to 9 mm long exclusive of 
the awns, 8- to 10-nerved, partly keeled, and abundantly papillate on 
their convex surfaces. At the apex of each are two prominent 
scabrid points or teeth 1 mm long, between which is a long, yellow^, 
scabrid awm 2.0 to 9.0 cm long (pL 5, A), 

The paleas of the fertile florets are split longitudinally through the 
middle from the apex to the base. 

The loilieules are 0.33 mm wide and 0.8 mm long and are beset with 
hairs 0.33 mm long. 

TRITICUM TIMOPHEEVI 

The plants of Trifieuni timopheeiH have an upright habit of growth 
and attain an average height at matuxdty of 142.2 cm. The culms are 
glaucous, (ievoid of purple pigment, and papillate for a distance of 
several centimeters below the head. The culms are hollow at a x)oint 
2.5 cm belo^y the head. The nodes are piiberulent, the hairs being 
1 mm or less in length. The puberiilence may extend 3 mm below the 
uoiev- 

' .The leaf blades are 8 mm wide, slightly scabrid, and covered on the 
Upper aM lower surfaces with hairs 2.5 mm or less in length. The 
edges of the blades ai‘e scabrid and possess hairs 2 mm or less in 
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Plate 5 



Spikelets: A, Triticum aegilopoides; B, T. aegilopoides X Haynaldia vUlosa; C, H. mllma: B, T. imcam 
var. Khapli; E, Fi of T. dicoccum X n. lillo^a: F, IL nllom. X about 4. 







Intcrgtnflrfe Hyb”^® Triticum and Secale 



Basal bristles on exterior side of spikelet: .4, Triticum dicoccoides var. spontaneonigrum; B, Fi of T. dicoccoides X Haynaldta viUosa; C, II. villosa. X about 15, 





Intergeneric Hybrids of Triticuni and Secale 



bristle on side of spikelot fjiciug raehis: A, Triticum dkoccoidea var. spontaneonigrum, B, Fi of T, dicoccoides X Tlaynaldia villosa. C, II. villosa. X about 15. 


Hybrids of Triticum and Secale 



Rachis internodes: A, Triticum dicoceoides var. spontaneonigrum; B, Fi of T. dicoccoides X Haynaldia villosa; C, II. villosa. X about^lo. 
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length. The leaf sheaths are without aiithocyanin pignientj glaucous, 
and usually scabricl. The upper leaf sheaths usually are devoid of 
hairs, while the lower ones may i^ossess them in abundance 2 mm or 
less in length. The overlapping edge of each leaf sheath is scabrid 
and beset with hairs. The auricles are 1 mm long and beset with 
several hairs 5 mm or less in lengtl). The ligules project 1 mm from 
the point of attachment to the leaf. 

The spikes are 11 to 13 mm Avide across the two-ranked face, 6 to 
8 cm long exclusive of the awns, and composed of from eighteen to 
twenty-one 2- or 3-flowered sihkelets (fig. 2, A). At maturity, the 
head may break at the base as a unit just above the uppermost sterile 
spike let (pi. 9, Z>). HoAvever, with slight pressure the rachis breaks 
with a slightly ragged fracture into small segments, at the apex of 
each of which is attached a spikelet. 

The spikelets are 7 to 8 mm wide and 16 to 18 mm long exclusive 
of the awns or beaks (pi. 9, Z>). Each spikelet usually contains two 
slender kernels. On the exterior side of the spikelet at the base 
is a prominent tuft of bristles, which are 2 mm or less in length and 
extend to the fringed edges of the rachis internodes to A\diich the 
spikelet is attached (pi. 9, Z>). At the base of the spikelet on the 
side facing the rachis is a smaller tuft of bristles whicli are 1 mm or 
less in length. 

The rachis internodes are 2 mm long, partly puberulent, and 
papillate on the convex and concave surfaces, and the edges are 
fringed with numerous bristles 1 mm or less in length (pi. 9, /)). 

The glumes are 2 to 3 mm wide, 9 mm long exclusive of the awns, 
densely pubescent, and glaucous, and each possesses 5 to T nerves, 
the most prominent one of which forms the keel, which is beset on 
its upper edges with asperites 0.5 mm or less in length (pi. 9, i>). 
Some of the hairs on certain portions of the glume, especially on 
the keel and other prominent nerves, are thicker and longer than 
the others. These thick hairs resemble superasperites and attain a 
maximum length of 1 mm. The keel is very sharp and is termiiuated 
by a beak 5 mm or less in length. The glume shoulders are nai‘row, 
until a pointed tooth (pi. 9, Z>). 

The lemmas are 3 to 3.5 mm wide, 13 to 14 mm long exclusive of 
the awns, pubescent on exposed portions, and papillate on portions 
covered by the glumes. They possess 8 to 9 inconspicuous nerves, 
the central one of which is partly keeled and terminates in a brown 
to black scabrid awn 11 cm or less in length. Tlie hairs on the 
lemma at the apex may vary in length and thickness. These long 
hairs resemble superasperitCvS and attain a maximum length of 1 mm. 

The paleas are entire, not split. The lodicules are 0.6 mm Avide 
and 1.8 mm long and are beset with hairs 0.65 mm long. 

TRITICUM DICOCGOIDHS 

The plants of Triticum dicoccokles A^ar. s port aneo nig nun have an 
upright habit of growth and attain an average height at maturity 
of 76.2 cm. The culms are not glaucous, solid at a. point 2.5 em. 
beloAV the head, and without purple pigment. The nodes are abund¬ 
antly covered with deflexed hairs 0.2 to 0.4 mm long. 

The leaf blades are 6 to 8 mni wide and puberulent on the upper 
and loAver surfaces. The edges of the leaf blades are slightly 
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scabrid and devoid of hairs. The leaf sheaths are nonglaiicous, 
without purple pigment, and glabrous except on the edges, which 
are fringed with hairs. The auricles are 1 mm long and are beset 
with hairs 2 to 3 mm long. The ligules project about 3 mm from 
the point of attachment to the leaf. 

The spikes are extremely fragile, laterally compressed, 8 to 9 mm 
wide across the two-ranked face, and T to 9 cm long exclusive of the 
awns, and consist of from sixteen to eighteen 2- or 3-flowered spike- 
lets, each of which normally contains two kernels (tig. 3, ^4). At 
maturity the rachis disarticulates at its joints with a clean fracture 
into small segments at the apex of each of which is attached a 
spikelet (pi. 10, A). 

The spikelets are 4 to o mm wide and 15 to 17 mm long exclusive 
(A the awns. On the exterior side of the spikelet at the base is a 
conspicuous tuft of bristles 3 to 5 mm long (pi. 6, A). At the base 
of the spikelet on the side facing the rachis is a small tuft of bristles 
2 mm or less in length (pL 7, A). 

The racliis internodes are nonglaucous, oblong, 4 mm long, and 
glabrous except on the two lateral edges, which are fringed along 
their entire length with numerous bristles 0.5 to 5 mm long (pi. 8, A). 

The glumes are nonglaucous, 2 mm wide, 12 to 13 mm long exclusive 
of the beak, and white wdth black streaks which sometimes appear 
as a solid mass of black pigment (pi. 10, A ). They possess two prom¬ 
inent nerves, the rear one of which is beset with large asperites, is 
papillate, and forms a keel that terminates in a short beak 2 mm long, 
while at the apex of the forward nerve is a very short tooth less than 
0.25 mm long (pi. 10, A). One or two less cons])icuous nerves may 
be present also on the glumes. The glume shoulders are narrow and 
oblique, with a very short, pointed tooth (])1. 10, A). 

The lemmas are 2 mm wide, 14 to 15 mm long exclusive of the awn. 
partly papillate, and slightly scabrid on their exposed surfaces. Each 
terminates in three points, the center one of which is extended into a 
scabrid, black awn, 10 to 17.5 cm long (pi. 10, A). 

The paleas are entire, not split. The lodieules are 0.9 mm wide 
and 1.6 mm long and are beset with hairs 0.6 mm long. 

TRITICUM DICOCCUM 

The plants of Triticum, dicoccuni var. Khapli have an upright habit 
of growth and attain an average height at maturity of 68.6 cm. The 
culms are glabrous, nonglaucous, without purple pigment, and solid 
at a point 2.5 cm beUnv the head. The nodes are j)uberulent. 

The leaf blades are 10 to 12 mm wide and puberulent on both the 
upper and lower surfaces. The margins of the leaf blades are scabrid 
and devoid of hairs. The leaf sheaths are slightly glaucous, without 
purple pigment, and glabrous on the exterior surfaces, while the lat¬ 
eral edges of the sheaths are devoid of hairs. The auricles are 1.5 to 
2.0 mm long with a few hairs 0.7 mm or less in length. The ligules 
project 2.0 mm from the point of attachment to the leaves. 

The spikes are fragile, laterally compressed, 8 to 10 mm wide across 
the twm-ranked face, 7 to 9 cm long, and consist of from sixteen to 
twenty-four 2- or 3-flowered spikelets, each of which normally pro¬ 
duces two kernels (fig. 4, A). At maturity the rachis usually breaks 
with an imperfect or ragged fracture at its joints into small segments, 
at the apex of each of wMch is attached a spikelet (pL 5, i?). 
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The spikelets are G to 7* mm wide and 10 to 11 mm long* exclusive 
of the aAvns (pi. a, IJ), On the exterior side of tlie spikelet at the 
base is a prominent tuft of bristles which are 1 to 1.25 mm long 
(pi. 5, />). At the base of the spikelet on the side facing the rachis 
is also a small tuft of bristles which are 0.25 to 0.8 mm long. 

The rachis internodes are weakly glaucous, 3 mm long, and 
glabrous except on the two lateral edges, which are fringed with 
numerous bristles 0.25 to 1 nmi long (pi, 5, Z>), 

The glumes are weakly glaucous, 2.5 mm wide, 9 to 10 mm long 
exclusive of the beak, papillate on their convex surfaces, and possess 
0 to 7 nerves, two of which appear prominent. Of the 2 to 3 promi¬ 
nent nerves on each glume, the one nearest to the rachis forms a 
sharp keel which terminates in a short beak 0.5 mm long (pi. 5, Z>). 
The upper half of the keels is beset with short asperites, the lower 
portion being papillate. Occasionally the upper portion of the other 
prominent nerves are slightly scabrid. The glume shoulders are 
narrow and oblique, with a short, blunt tooth. 

The lemmas are 3 mm wide and 10 to 11 mm long, 10 to 11 nerved, 
and papillate on their convex surfaces. At the apex of each lemma 
are two teeth or points less tlian 0.5 mm long between which is a 
yellow scabrid awn 3 to 9 cmTong (pi. 5, Z>). 

Tlie paleas are entire, not split. The lodicules are 0.9 mm wide 
and 1.7 mm long and are beset Avitli hairs 0.6 mm long: 

TRITICUM DURUM 

The plants of Tritieirni durum var. Kubanka have an upright 
iiabit of growth and attain an average height at maturity of 132 
cm. The culnis are glabrous, glaucous, without purple pigment, and 
liollow at a point 2.5 cm beloAv the head (pi. 3, D), The nodes are 
glabrous. 

The leaf blades are 8 to 10 mm wide and glabrous on the upper 
and lower surfaces. The edges of the leaf blades are scabrid and 
deAmid of hairs. The leaf sheaths are glaucous, without purple pig¬ 
ment, glabrous on the exterior surfaces, and devoid of hairs on the 
lateral edges. The auricles are 1 to 2 mm long and deAmid of liairs. 
The ligules project 2 to 2.5 mm from the point of attachment to 
the leaf. 

The spikes are nonfragile, 7 to 8 mm Avide across the tAVo-ranked 
face, 7 to 8 cm long, and composed of from eighteen to tAventy-four 
2- to 4-fioAvered spikelets, each of wdiich iisuallv contains tAvo kernels 
(fig. 5, A). 

The spikelets are 10 to 12 mm Avide and 12 to 14 mm long exclu¬ 
sive of the awns. On the exterior side of the spikelet at the base 
IS a tuft of bristles 2 mm or less in length. At the base of the sjhkelet 
on the side facing the rachis is a tuft of bristles 0.3 mm or less ii| 
length. ; 

The rachis is continuous. The rachis internodes are 3 to 5 Titht 
long, partly glaucous, and glabrous except on the two lateral edges, 
A\Tiich are fringed with short bristles 0.2 to 0.3 iniii long near the 
base and 1 to 1.5 mm at the apex. 

The glumes are 1.5 to 2 mm Avide and 7 to 8 miO long exclusiA^e 
of beak, papillate, glaucous on their convex surfaces, and possess 7 
to 8 nerves, the most prominent of which forms a scabrid keel which 
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terniiiiates in a beak 1 to 2 min long. The glume Hhoiilders are nar¬ 
row, slightly elevated, and nondentate (pi. 11, Z>). 

The lemmas are 2 to 2.5 mm wide, 8 to 9 mm long exclusive of 
awns, papillate, glaucous on their upper exposed surfaces, and pos¬ 
sess 1 to 1:1 mu-ves, the mOvst prominent of which terminates in a 
yellow scabrid awn 10 to IG cm long. 

The lodicules are 0.9 mm wide and 1.3 mm long and are beset 
with hairs 0.5 mm long. 


TKlTlCIWr POLONICU>C 

The plants of TJtiouni poUnieum (C. I. no. 7498) have an np- 
light habit of growth and attain an average height at maturity of 
124.5 cm. The culms are glabrous and hollow’, with a small cavity at 
a point 2.5 cm below’ the head, glaucous, and without purple pig¬ 
ment. Th(^ nodes are puberulent and glaucous. 

The leaf blades are 18 to 22 mm wide and [)ractically devoid of 
hairs on the upper and low’er surfa(*es. The margins of the leaf 
blades are scalnid and beset with short hairs less than 1 mm in 
length for a distance of 5 mm above the auricle. The leaf sheaths 
are glaucous, without purple pigment, glabrous on the exterior sur¬ 
faces, and usually devoid of hairs. The auricles are 1 mm long 
Avith a few’ hairs 0.4 mm or less in length. The ligules project 1.5 
to 2.0 mm from the point of attachment to the leaf. 

Tile spikes are nonfragile, 12 to 14 mm wide across the twm- 
ranked face, 11 to 13 cm long exclusive of the awms, and consist of 
from eighteen to twenty-tw’’o 3- or 4-fl()W’ered spikelets, each of Avhieh 
usnally contains three long kernels (fig. 6, A), 

The spikelets are 10 to 12 mm w’ide and 20 to 25 mm long exclusive 
of aAvns (pi. 9, J.). On the exterior side of the spikelet at the 
base is a tuft of bristles 0.5 to 2.5 mm long (pi. 9, x4). At the base 
of the spikelet on the side facing the rachis is a tuft of bristles 0.3 
mm or less in length. 

The rachis is continuous. The rachis internodes are 7 to 9 mm 
long, glaucous, and glabrous except on the tw’o lateral edges, w’hich 
are partly fringed with bristles 0.5 to 2.0mm long (pi. 9, A). 

The glumes are glaucous, 3 mm wide and 22 mm long, and possess 
8 to 10 nerves,4:he most prominent of w’hich forms a keel that termi¬ 
nates in a tooth or beak 1.5 to 5 mm long (pi. 9, x4), A w^eaker sec¬ 
ondary keel may also be developed. The keels and some of the 
nerves shoAviiig prominence at the apex of the glume are beset with 
long, slender asperites 0.5 mm or less in length. The convex sur¬ 
face of each glume on the membranous portion of the two wings 
and on the edge is pubescent (pi. 9, A). Other parts of the glume 
may be papillate or pul)erulent. The glume shoulders are narrow’, 
elevated, and nondentate (pi. 9, A). 

The lemmas are 4 mm wide, 20 to 28 mm long, glancous, papillate, 
and pubesc^ent on the exposed .siirfac^es (pi. 9, A). Each lemma pos¬ 
sesses 9 to 12 nerves, the most ])romiiient of which terminates in a 
partially black, scabrid awm 9 to 12cm long (fig. 6, A). 

The paleas are entire, not split. The lodicules are 1 nmi wide 
ancll.S' Eim .long and are beset with haix^s 1.35 mm long. 
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The leaf sheaths are giaucoiis, without purple pigment, and glabrous 
on the surface and overlapping lateral edges. The auricles are 2 to 
S mm long and beset with a few short hairs less than 0.25 mm long. 
The ligiiles project 3 mm from the point of attachment to the leaf. 

The spikes may be branched or simi3le, nonfragile, 8 to 12 cm long 
exclusive of the awns, and may vary in width from 12 to 35 mm 
across the two-ranked face (fig. 7. 4). 

The spikelets are 7 to 8 mm "wide. 9 to 10 mm long exclusive of 
the awns, and generally contain two short plump kernels with a high 
dorsal arch or hump (pi. 11, A; pi. 2, E). On the exterior side of 
the spikelet at the base is a tuft of bristles which are 3.0 mm or 
less in length and sometimes extend to the edges of the rachis inter¬ 
node to which the spikelet is attached (pi. 11, A). At the base of 
the spikelet on the side facing the rachis is a tuft of short bristles 
0.5 mm or less in length. 

The rachis is continuous. The rachis internodes are oblong, 2.5 
to 3.0 mm long, glaucous, and glabrous, and the edges are fringed 
with numerous bristles 3 mm or less in length (pi. 11, A). 

The glumes are 2.5 mm wide, 5 to 6 mm long exclusive of the 
beaks, papillate, glaucous on their convex surfaces, and possess four 
prominent nerves, the most conspicuous of which forms the keel and 
terminates in a short beak 0.5 mm or less in length. The keels 
throughout the entire length of the glumes are beset with asperites 
0.2 mm or less in length (pi. 12, A). The exterior surface of the 
membranous portion of the two wungs of the glume is partly puberu- 
lent. The glume shoulders are narrow, oblique, and nondentate (pi. 
11,A). 

The lemmas are 3 mm wude, 8 mm long exclusive of the awns, 
glaucous, slightly scabrid on their upper exposed surfaces, and 
possess 8 to il nerves. The most prominent nerve on each lemma 
terminates in a scabrid, black awm C to 11 cm long (pi. 12, Z>). 

The paleas are entire, not split. The lodicules are 0.7 mm wide 
and 1.1 mm long and are beset w-ith hairs 0.7 mm long. 

SECALE FRAGILE 

The plants of Secale fragile have an upright habit of growth 
and attain an average height at maturity of 76 cm. The culms 
are hollow, purple-pigmented, glaucous, and covered with hairs 
1 mm or less in length for several centimeters immediately below 
the head (pi. 2 C; pi. 3, G). The nodes are puberulent. 

The leaf blades ai'e 6 to 7 mm wude and covered with hairs 1 
to 1.5 mm long on their upper surfaces. The lower surfaces of 
the leaf blades are puberulent. The edges of the leaf blades are 
scabrid and beset with hairs 0.3 mm long for a distance of 5 mm 
above the auricle on the blade. Just above the ligule on the leaf 
blade is a prominent collar of hairs that do not exceed 2 mm in 
length. The upper leaf sheaths are glabrous, glaucous, and slightly 
purple-pigmented on the exterior surfaces. The lower leaf sheaths 
are hairy. The lateral edges of the sheaths are devoid of hairs. 
The auricles are 0.5 mm in length and possess very short hairs 0.4 
mm or less in length. The ligules project 0.5 to 0.7 mm above the 
point of attachment to the leaf. 

The spikes are extremely fragile, 7 to 8 nmi wide across tlie^ two- 
ranked face, 8 to 11 cm long exclusive of the awns, and consist of 
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twenty-six to thirty-six 2-flowered spikelets (fig. 8, A), Each 
spikelet usually produces two kernels. At maturity the rachis 
breaks with a clean fracture at its joints into small segments at 
the apex of each of which is attached a spikelet (pL 10, Z>). 

The spikelets are 5 mm wide and 14 to 16 mm long exclusive 
of the awns. On the exterior side of the spikelet at the base are 
a few extremely short bristles (pi. 10, D). At the base of the 
spikelet on the side facing the rachis are a short tuft and a collar 
of bristles which are 0.2 mm or less in length. The rachis inter¬ 
nodes are 3 to 4 mm long, glaucous, and glabrous, and the two 
lateral edges are fringed with bristles 4 mm or less in length 
(pl.l0,i>). 

The glumes are slightly glaucous, subulate-pointed, 0.5 mm wide, 
13 to 14 mm long exclusive of a scabrid awn 6 mm long, partly 
papillate, and scalbrid on the exterior surfaces (ph 10, D), Eacli 
glume has a keel which is densely beset with slender asperites 
0.5 min or less in length, which become longer and resemlile 
hairs as they approach the base of the glume. The margins of 
the glumes are fringed with numerous slender hairs 1 mm or less 
in length. The glumes are sparsely beset with asperites. Glume 
shoulders are wanting (pi. 10, />). 

The lemmas are 2.5 mm wide, 15 to 17 mm long exclusive of 
the awn, papillate, and 3- to 5-nerved; the most j)roniinent nerve 
forms a keel beset throughout its entire length with somewhat uni¬ 
formly separated and linearly arranged spur asperites 1 mm or less 
in length (pis. 1, Z); 10, Z>). The keel is terminated by a partially 
purple-pigmented, scabrid aAvn 12 cm long. The edges of the lemma 
are beset with hairs 0.5 to 0.7 mm long. The exposed portion of 
the lemmas on and near the adge^s and at the apex is usually beset 
with asperites or spur asperites. 

The paleas are entire, not split. The lodiciiles are 1.1 mm wide 
and 2.9 mm long and are beset with hairs 1.25 mm long. 

THE HYBRIDS 

TRITlCIJAt AEGILOPOIDES X HAYNALDIA Vll.LOSA 

The plants of the Tnti(Mm> acgdopaides X Haynaidki mllosa 
hybrid have an upright habit of growth and attain an average height 
at maturity of 116.8 cm. The culms are glaucous, nonpapillate. 
hollow at a point 2.5 cm below the head, and purple-pigmented 
(pL 3, B), The nodes are sparsely puberulent. 

The leaf blades are 6 to 7 mm wide and covered on the upper 
and lower surfaces with hairs 1 to 1.5 mm long. The edges of the 
leaf blades ai*e scabrid and possess hairs 1.5 to 2 nmi long. The 
leaf sheaths are glaucous, pubescent, slightly purple-pigmented on 
the exterior surface, and glaucous on the lateral edges. The auricles 
are 1.5 mm long with hairs 3 mm or less in length. The ligules 
project 1.5 mm from the point of attachment to the leaf. 

The spikes are extremely fragile, 4 to 6 mm wide across the two- 
ranked face, 9 to 11 cm long exclusive of the awns, and composed 
of from thirty to forty-six 2- or 3-flowered sterile spikelets (fig. 
1, B)* At maturity the rachis breaks with a clean fracture at its 
joints into small segments, at the apex of each of which is attached 
a spikelet (pi. 5, 5). 
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Tile spikelets are T nmi wide and 11 mm long exclusive of the 
awns. Oil tile exterior side of the spikelet at the base is a tiift of 
bristles which are '2 imii or less in length (pi. 5. B). At the base 
of the spikelet on the side facing the rachis is another tuft of 
bristles, which are 0.5 mm or less in length. 

The rachis internodes are 2.5 to 3.0 mm long and glabrous except 
on the two lateral edges, wliich are fringed with bristles 0.5 to 
3.0 inm long (pi. 5, B). 

The giiniies are glaneons, intermediate in shape between those 
of the two parents, 1.7 to 2.0 mm wide, 7 to 8 mm long exclusive of 
tile awns, papillate except on the membranous portion near the edges, 
and eaeli p«jssesses live nerves, the two most prominent of which 
form keels. The rear keel is the primary or more prominent one 
of the two and is beset with individually arranged siiperasperites 
tvliieli are 2.0 mm or less in length. The primary keel of the glume 
terminates in a scabrid awn 2.0 to 2.5 cm long (pi. 5, B). The 
secomhiry or forward keel is beset with asperites 0.3 mni or less 
in length and terminates in a tooth 0.2 mm or less in length (pi. 
5. B), Between the twm keels is a veiw shallow, longitudinal depres¬ 
sion, through the center of which passes laterally a conspicuous 
nerve which unites with the primary keel at the apex of the glume. 
The glume shoulders are intermediate between the two parents in 
widtlf and hat^e a sharp-pointed tooth (pL 5, B). 

The lemmas are 2.0 to 2.1 mm wide, 10 to 11 mm long exclusive 
of the awns, papillate on the exterior surfaces, and each has seven 
nerves, the middle one of which is partly keeled and terminates 
in a weakly |)iirple-pigmented, scabrid awn 3.0 to G.5 cm long. 
At the apex of tlie glume on the keel are .several siiperasperites 1.3 mm 
or less in length (pi. 5, B). Some of the less conspicuous nerves 
located on the ex[)osed portion of the lemma may also be scabrid. 

The paleas are entire, not split. The lodicules are 0.5 mm wide 
and 1.5 mm long and are beset with hairs 0.42 mm long. 

TRITICUM TIMOPHEaEVI X HAYNALDIA VILLOSA 

The plants of the hybrid Ttitkfiun thioplicevi X Haynaldia rillosa 
have an upright habit of growTh and attain an average height at 
maturity of 149.86 cm. The culms are glaucous, glabrous, purple- 
pigmented, and hollow at a point 2.5 cm below the head. The nodes 
are puberulent with very short hairs. 

The leaf blades are S to 11 mm wide and are covered on the upper 
and low'er surfaces with hairs 2.5 mm or less in length. The edges 
of the blades are scabrid and i)ossess hairs 3 mm or less in length. 
The leaf sheaths are purple-pigmented and glaucous. The upper 
leaf sheaths of the plant are usually devoid of hairs, while the lower 
<mes may be sparsely covered with hairs. The overlapping lateral 
edge of each leaf sheatli is beset with hairs 2 mm or less in length. 
The auricles are 1.2 mm long and are beset with se^^eral hairs 6 mm 
or less in length. The ligiiles project 1.3 mm or less from the point 
of attachment to the leaf. 

The spikes aiv extremely fragile at maturity, 10 to 12 mm wide 
across the two-ranked face, 9 to 11.5 cm long exclusive of the awns, 
and composed of from thirty to thirty-five 3- or 4-flowered sterile 
spikelets (fig. 2, B). At maturity the rachis breaks with a clean 
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fracture at its joints into small sepuents, at tl\e apex of ea(‘h of 
which is attached a spikelet. 

The spikelets are 4.0 to 5.5 imu wide and IG to 19 mm long exclu¬ 
sive of awnis. On the exterior side of the spikelets at the base is a 
tuft of bristles wdiich are 1 mm or less in length (pi. 9, E), At 
the base of the spikelet on the side facing the rachis is a smaller 
tuft of bristles, which are 0.5 mm or less in length. 

The rachis internodes are 3.0 to 3.5 mm long,^ sparsely piiberolent, 
and papillate (pi. 9, E), The two lateral edges are fringed with 
bristles 1.5 mm or less in lengih (pi. d, E), 

The glumes are 2.0 to 2.5 mm wide, 8 mm long exclusive of beaks, 
glaucous, papillate on the exterior surfaces, and possess 5 to G nervesl 
the two most prominent of which are beset with superasperites 1.7 
mm or less in length. The exterior surfaces of the glumes are 
usually devoid of hairs except on the margins of the glumes, which 
are partly pubescent ^ (pi. 9, E), The awns on the glumes are 
purplish black, scabrid, and 5 cm or less in length. The glume 
shoulders are intermediate in width between those of the parents, 
elevated, and nondentate (j)!. 9, E). 

The lemmas are 2.5 to 3.0 mm wide, 12 to 14 mm long exclusive 
of the awns, papillate on the exterior surface, and partly ])ubescent 
on the upper exposed portions. The awns are purplish brown to 
purplish black. Superasperites usually are not present on the keels 
of the lemmas, but when present they are usually confined to the 
keel at the apex of the lemma. 

The paleas are entire, not split. The lodicules are 0.8 mm wide 
and 1.9 mm long and are beset with hairs 0.3 mm long. 

TRITICUM DICOCCOIDES X HAYNALDIA VILLOSA 

The plants of the hybrid Triticm'u dicoccokles X HwynaMia mEosa 
have an upright habit of growth and attain an average height at 
maturity of 154.9 cm. The culms are glaucous, purple-x)igmented, 
and hollow at a point 2.5 cm below the head. The nodes are puber- 
ulent. 

The leaf blades are 7 to 8 mm wide and covered on the upper and 
lower surfaces with hairs 1 to 1.5 mm long. The edges of the blades 
are scabrid and possess hairs 2 to 3 mm long on the lower part. The 
leaf sheaths are i^urple-pigmented, glaucous, and glabrous on the 
outer surfaces, and are beset with hairs on one of the lateral edges. 
The auricles are 1.5 to 2 mm long with several hairs 5 mm or less 
in length. The ligules project 3 to 4 mm from the point of attach¬ 
ment to the leaf. 

The spikes are extremely fragile. 8 to 10 mni wide across the two- 
ranked face, 10 to 12 cm long exclusive of the awns, and are com¬ 
posed of from thirty to sixty 3- to 5-fiowered sterile spikelets (fig. 
3, B). At maturity the rachis breaks with a clean fracture at its 
joints into small segments, at the apex of each of which is attached 
a spikelet (pi. 10, 5; pi. 7, 5; pi. 8,5). 

The spikelets are 6 to 8 mm wide and 15 to^ 18 mm long exclusive 
of the awms (pi. 10, B). On the exterior side and center of the 
spikelet at the base is a prominent tuft of bristles which are 3 mm 
or less in length and which extend to the fringed edges of the rachis 
internode to which the spikelet is attached (pi. 6, B), At the base 
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of tlie spikelot on the side facing the rachis^is smaller tuft of 
bristles which are 1 iiini or less in len^h (ph '7, 

The rachis iiiternodes are 3 mm long, intermediate in shape be¬ 
tween those of the two parents, glabrous on the convex and concave 
surfaces, and the edges are fringed with numerous bristles 5 mm 
or less ill length (pi. 8, 5). 

The glumes are 2 mni wide, 10 to 12 mm long exclusive of the awns, 
glabrous, glaucous, white streaked with black pigment, papillate 
iisually oiiTj on the prominent nerves, and each possesses five nerves, 
the two more prominent of which form keels. The rear one of the 
most prominent nerves is the stronger and forms the primary keel, 
w'liieh terminates in a black scabrid awn 35 to 38 mm long. The 
prominent nei*ve in the front foims a secondary keel and is scalirid. 
The primary keel is lieset throughout its entire length with untufted 
superasperites 2.8 nmi or less in length. These superasperites were 
present on the specimen illustrated in plate 10, 5, but because of 
the laterally compressed spikelets they are completely obscured. 
Between the tw-o prominent nerves is a longitudinal channel through 
which passes a conspicuous scabrid nerve which unites with a pri¬ 
mary keel at the apex of the glume. The glume shoulders are inter¬ 
mediate in width between those of the parents, slightly elevated, and 
noiideiitate (pL 10, i?). 

The lemmas are 2 mm wude, 12 to 14 mm long, papillate, slightly 
scabrous at their upper exposed surfaces, and possess nine incon¬ 
spicuous nerves, the central one of which is partly keeled and termi¬ 
nates in a black scabrid awn 7 to 9 cm long. At the apex of the 
lemma are several superas^ierites 1 to 2 mm long (pi. 10, ^). 

The paleas are entire, not split. The lodicules are 0.9 mm wide 
and 1.8 mni long and are beset with hairs 0.65 mm long. 

TRITICU:vr DICOCCUM X IIAYNALDIA -VULIiOSA 

The plants of the hybrid THtlcum dicocmm X Haynaldim mllosa 
have an upright habit of growth and attain an average height at 
maturity of 196.8 cm. The culms are hollow immediately below the 
head, glaucous, and slightly purple-pigmented. The nodes are very 
glaucous and puberiilent. 

The leaf blades are 8 to 10 mm wide and iDOssess hairs on the 
upper and lower surfaces 1 to 1.5 mm long. The edges of the leaf 
blades are scabrid, and the lower edges of the blades are beset with 
hairs 0.5 to 1 mm long. The leaf sheaths are weakly glaucous, gla¬ 
brous, and purple-streaked. The lateral edges of the sheaths are 
glabrous. The auricles are 2 mm long with a few hairs 3 mm or less 
in length. The ligules project 2 mm from the point of attachment to 
the leaves. 

The spikes are very fragile, somewhat laterally compressed, 8 to 
10 mm wide, 8 to 10 cm long exclusive of the a^ms and consist of 
from twenty to twenty-five 2- or 3-flowered sterile spikelets (fig, 
4,^5).^ At maturity the rachis breaks with a clean fracture at its 
joints into small segments at the apex of each of which is attached a 
spikelet (pi. 5, E). 

The spikelets are 4.5 to 5.5 mm wide and 12 to 13 mm long exclu¬ 
sive of the awns (pL 5. E). On the exterior side of the spikelet at 
the base is a distinct tuft of bristles which are 1 mm or less in length 
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(pl- base of the spikelet on the side facing the rachis 

is also a tuft of hairs which are less than 0.5 mm long. 

The rachis internodes are 4 to 5 mm long, nonglaucous, and 
glabrous except on the two lateral edges, which are fringed with 
numerous bristles 1 to 2 mm long (pL 5, E), 

The glumes are slightly glaucous, 4 mm wide, 11 to 12 mni long 
exclusive of the awns, papillate usually in greater abundance on the 
nerves, and possess o to 6 nerves, 2 or 3 of which may be scabrid. 
The two most prominent nerves form keels. The primary keel faces 
die rachis, possesses asperites on the lower edge and superasperites 
1.5 mm or less in length on the upper edge, and terminates in an 
awn or beak 0.5 to 3.3 cm long (pi. 5, E), Between the prominent 
nerves is a longitudinal, shallow channel through which passes later¬ 
ally 1 to 3 prominent nerves. The glume shoulders are intermediate 
in width between those of the parents and have a sharp-pointed tooth 
(pL5,£^). 

The lemmas are 3 mm wide, 12 to 13 mm long exclusive of the 
awns, papillate, slightly scabrid at the apex, and possess 7 to 8 nerves, 
the middle one of which forms an imperfect keel that terminates in 
a slightly purple-pigmented scabrid awn 8 to 8.7 cm long. The ex¬ 
posed portion of the keel at the apex of the lemma is usually beset 
with superasperites 0.8 to 1.0 mm long (pi. 5, E ). 

The paleas are entire, not split. The lodicules are 1 mm wide and 
2 mm long and are beset with hairs 0.4 mm long. 

TRITICUM DURUM X HAYNALDIA VILLOSA 

The plants of the hybrid Tritiomn durum X Haynaldia villosa 
have an ujiright habit of growth and attain an average height at 
maturity of 152.4 cm. The culms are glaucous, purple-pigmented, 
and hollow at a point 2.5 cm below the head (pL 3, ^). The nodes 
are glaucous and glabrous. 

The leaf blades are 10 to 11 mm wide and covered on the upper 
and lower surfaces with hairs 1 to 1.25 mm long. Hairs 1 to 1.25 mm 
long are present also on the edges of the leaves for a distance of 
6 to 7 cm upward from the base. The edges of the leaf blades are 
scabrid. The leaf sheaths are glaucous, glabrous, and purple-pig¬ 
mented and ax'e devoid of hairs on the lateral edge. The auricles 
are 2.5 to 3 mm long and jiossess hairs 4 mm or less in length. The 
ligules project 3 mm from the point of attachment to the leaf. 

The spikes are extremely fragile, 10 to 12 mm wide across the 
two-ranked face, 8 to 12 cm long, and composed of from twenty 
to thirty 3- or 4-flowered sterile spikelets (fig. 5, B). At maturity 
the rachis breaks with a clean fracture at its joints into small seg¬ 
ments, at the apex of each of which is attached a spikelet (pL 11, E), 

The spikelets are 7 to 9 mm wide and 12 to 14 mm long exclusive 
of the awns (pi. 11, E). On the exterior side of the spikelet at 
the base is a collar of bristles, the longest of which do not exc^d 
1.5 mm (pi. 11, E), At the base of the spikelet on the side facing 
the rachis is a tuft of slender bristles 0.4 mm or less in length. 

The rachis internodes are 4 mm long, glaucous, and glabrous, and 
the edges are fringed wuth numerous bristles, the longest of which 
does not exceed 2 mm (pL 11, 
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Tile ure papillate, glauccnis, 2 mm wide, 9 to 10 mm long 

exclusive of the awns, and possess four prominent nerves, the most 
eonspiciioiis of which forms the keel and terminates in a beak or 
short awn 10 to 26 mm long. The keel has short asperites except 
near the apex, wliere they take the shape of long bristlelike struc¬ 
tures about 1 mm long. The glume shoulders are intermediate in 
width between those of the parents, elevated, and nondentate 
(pLll, 

The lemma is papillate, glaucous, slightly asperous at its upper 
ex|X)sed surface, 2.5 mm wide and 11 to 12 mm long, and possesses 
9 to 10 nerves, the most prominent of which terminates in a slightly 
purple-pigmented scabrous awn 3 to 7 cm long. At the apex of the 
ieiiiiiia on the keel are usiiaity several conspicuous trichomes 1 mm 
or less ill length (pi. 11, E). 

The paleas are entire, not split. The lodicules are 1 mm wide and 
1.8 mm long and are beset -with hairs 0.3 mm long. 


TRITICUM POLONICUM X HAYNALDIA VILLOSA 

The plants of the hybrid Tritioum folo%kum X Ilaynaldia mllosa 
have an upright habit of gi’owth and attain an average height at 
maturity of 133.3 cm. The culms are glaucous, hollow, and purple- 
pigmented. The nodes are usually glabrous, though rarely they are 
sparsely puberiileiit and slightly glaucous. 

The leaf blades are 10 to 12 mm wide and are beset on the upper 
and lower surfaces with a few hairs 0.5 to 1 mm long. The margins 
of the leaf blades are scabrid and beset with hairs 2 mm or less 
in length for a distance of several centimeters from the base of the 
leaf. The leaf sheaths are usually glaucous, streaked with purple 
pigment, and glabrous on the surfaces and edges. Sometimes on the 
lower leaf sheaths one lateral edge may be abundantly covered with 
hairs 1.5 to 2 mm long. The auricles are 2 to 3 mm long, with many 
hairs 5 mm or less in length. The ligules project 2.5 to 3 mm froiii 
the point of attachment to the leaf. 

The spikes ai^e fragile, 10 to 12 mm wide across the two-ranked 
face, 12 to 14 cm long exclusive of the awns, and consist of from 
twenty-fiye to thirty 2- to 5-flow^ered sterile spikelets (fig. 6, B). 

The spikelets are 9 to 13 nmi wide and 18 to 20 mm long exclusive 
of awns (pi. 9, B). On the exterior side of the spikelet at the base 
is a prominent tuft of bristles which are 0.5 to 2 mm long (pi. 9, 
B). At the base of the spikelet on the side facing the rachis is a 
tuft of bristles, which are 0.5 mm or less in length and extend 
to the right and left, joining the lateral fringes of' bristles on the 
edges of the rachis internode to which the spikelet is attached. 

The rachis internodes are 5 to C nun long, glaucous, and <^labrous 
except on^their Jateral edges, which may be entirely fringed with 
bristles O.o to 2.5 mm long, the shorter bristles being at or near the 
base and increasing progressively as they approach the apex. Some¬ 
times the loner edge of the rachis internode for a distance of 1 or 
2 mm may be entirely devoid of bristles (pi. 9, B). 

The glumes are, partly glaucous, papillate, 3 mm wide. 17 to 19 mm 
long exelusn;e of the awns, and possess 9 to 10 nerves, the most promi¬ 
nent of which forms a sharp scabrid keel that terminates in a scabrid 
awn ^ to 3 cm long (pi. 9, B). The keel throughout its entire leimth 
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is beset with asperites. Besides the keel 1 or 2 other pronihieiit 
nerves may be scabricl. The apex and membranous portion of the 
glume are abundantly piiberiilent or pubescent (pi. 9, B). Xo super- 
asperites appear on the keel. The gdume shoulders are intermediate 
ill width between those of the parents, elevated, and nondentate (pi. 
9,5). 

The lemmas are 3 to 3.5 mm wide, IT to 19 mm long exclusive of 
awns, papillate, puberulent, and pubescent on the edges and upper 
exposed portions (pi. 9, B), The lemmas also have 8 to 9 nerves, 
the middle one of which forms a x^artial keel that is beset with a 
few short superasperites and terminates in a purplish-black scabrid 
awn 2 to 6.5 cm long (pi. 9, B). Some of the nerves on tlie exposed 
portion of the lemmas may be scabrid also. 

The paleas are entire, not split. The lodicules are 1 nim wide, 
2.3 mm long and are beset with hairs 0.58 mm long. 

TRITICUM TURGIDUM X HAYNALDIA VILLOSA 

The plants of the hybind Tvlfioiun fnrgidum X Haynaldia villosa 
have an upright habit of growth and attain an average height at 
maturity of 1TT.8 cm. Each culm is hollow with a small cavity at 
a point 2.5 cm below the head, glaucous, and purple-pigmented. The 
nodes are glabrous. 

The leaf blades are T to 9 mm wide and puberiilent on both the 
upper and lower surfaces. The edges of the blades are scabrid and 
possess a few hairs 1 to 2 mm long on the lower part of the blades. 
The auricles are 2 mm long with a few hairs 3 mm or less in length. 
The leaf sheaths are purple-pigmented, glabrous, slightly glaucous 
on the surfaces, and glabrous on the overlapping edges. The lig- 
ules project 3 to 4 mm from the point of attachment to the leaf. 

The spikes may be simple or branched, very fragile, 9 to 40 mm 
wide across the two-ranked face, 12 to 13 cm long exclusive of the 
awns, and consist of from fortv to sixty-five 2- to 4-flowered spike- 
lets (fig. 7, 5). 

The spikeiets are 8 to 9 mm wide and 17 to 18 mm long exclusive 
of the awns (pi. 11, 5). Most of the spikeiets are completely sterile, 
although a few kernels were obtained that are longer than either of 
the parents (pi. 2, 5). On the exterior side of the spikelet at the 
base is a tuft of bristles which are 2.5 or less in length and extend 
to the two lateral edges of the rachis internode to which the spike- 
let is attached (pi. 11, 5). At the base of the spikelet on the side 
facing the rachis is another tuft of bristles which are 1 mm or less 
in length. 

The rachis internodes are intermediate in shape between those 
of the parents, 3 to 3.5 mm long, and glabrous on the surfaces, and 
on each of the two lateral edges is a fringe of bristles 0.5 to 3.5 min 
long, the longest being located at the apex of the rachis internode 
and the shortest at the base (pi. 11, 5). 

The glumes are 4 mm wide, 7 to 9 mm long exclusive of the awns, 
papillate on the exterior surface except on the membranous portion 
near the edges, and each possesses four nerves, the two most promi¬ 
nent of which form keels. The rear one of the two most prominent 
nerves is the stronger and forms the primary keel, at the apex of 
which is a black awn 1.5 to 2.5 cm long (pL 11, 5). The glume 
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^Iioiilders are inter mediate in width between those of the ]>a rents, 
ekn^ated, and noiideiitate (pi. 11, B), 

The prominent nerve nearest the front forms a secondary keel. 
The two keels of the glumes of this hybrid are beset with iiiitufted 
superasperites which have a maximum length of 8.B mm (pL 11, B; 
pi. 1'2. B). Between the two prominent nerves is a shallowy lon¬ 
gitudinal channel through which passes a conspicuous nerve which 
unites with the primary keel at the apex of the glume. 

The lemmas are 3 to" 4 mm wide and 10 to 13 mm long, papillate, 
and terminate in a purplish black scabrid awn 5 to 9 cm long. At 
the apex of the lemma on the keel are several imtufted superasper¬ 
ites l.T mm or less in length (pL 1, B; pL 11, B; and ])l. 12, A). 
Also a few asperites may be found on the exposed portion of the 
lemma, usually on tlie nerves. 

The paleas are entire, not split. The lodicules are 0.9 mm wide 
and 1,8 mm long and are beset with hams 0.5 mm long. 

SECALE FRAGILE X HAYNALDIA VILLOSA 

The plants of the hybrid SeeaJe fragile X Haynaldia viUosa have 
an upright habit of growth and attain an average height at maturity 
of 100.7 cm. The culms are hollow. i>urp]e-pigmented, and glaucous, 
and the peduncle below the head for several centimeters is covered 
with hairs which are less than 1 mm in length (pi. 2, B; pi. 3, II ). 
The nodes are glabrous. 

The leaf blades are 5 to G mm wide and possess on the upper and 
lower surfaces an abundance of hairs 1 to 2 mm long. The edges of 
the leaf blades are scabrid and beset with hairs 1 to 3.0 mm long. 
Just above the ligule on the leaf is a collar of hairs slightly shorter 
and fewer in number than those of the Secale parent (pi. 4, i?). The 
exterior .simfaees of the lower leaf sheaths are hairy or puberulent on 
the exterior surfaces and glabrous on the edges. The leaf sheaths are 
also weakly glaucous, and slightly purple-pigmented, and the over¬ 
lapping lateral edges are devoid of haire. The auricles are 2 mm 
long with several hairs 4 inm or less in length. The ligules x>roiect 
3 mm from the point of attachment to the leaves. 

The spikes are extremely fragile, 8 to 9 mm wide across the two- 
ranked face, 10 to 12 cm long exclusive of the awns, and consist 
of from thirty to thirty-eight 3- or 4-flowered sterile spikelets (fig. 
8, ^). At maturity the rachis breaks with a clean fracture at its 
joints into small segments, at the apex of each of which is attached a 
spikelet (pi. 10, E), 

The spikelets are 5 to T mm wide and 16 to 18 inin long exclusive 
of the awns (pi. 10, E), On the exterior side of the spikelet at the 
base is a tuft of short biistles 0.35 mm or less in length (pi. 10, E). 
At the base of the spikelet on the side facing the rachis is a tuft of 
short bristles which are 0.5 mm or less in length. 

The rachis internodes are 3 mm long and iisuallv glabrous on the 
exterior surface, though occasionally there may be an irregular dis¬ 
tribution of extremely short bristles (pi. 10, E). The edges of the 
raehis, internodes are fringed with numerous bristles 3.5 mm or less 
ill length. 

The glimies are slightly glaucous, 1 mm wide, 8 to 10 mm long ex¬ 
clusive of the awns, papillate except on the membranous portions 
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near the edges, and possess two prominent scabrid nerves which form 
keels and are separated by a boat-shaped depression about 0.75 mm 
wide at the center. The two keels converge at the base and apex. 
At the apex of each glume is a long scabrous awn 3 to 5.5 cm long 
(pi. 10, E), The primary or more prominent keel, however, pos¬ 
sesses abundant superasperites 1.9 mm or less in length, while the 
secondary keel usually is beset with asperites. The glume shoulders 
are intermediate in wddth between those of the parents, slightly ele¬ 
vated to oblique, and nondentate (pi. 10, E). 

The lemmas are 2.5 mm wide, 12 to 14 mm long exclusive of the 
awns, and papillate on the exterior surface, and each has five nerves, 
the middle one of which is keeled and terminates in a purple, scabrid 
awn 5 to 7 cm long (pi. 10, A). The keels of the lemmas throughout 
their entire length are beset wdth slender superasperites 1.4 mm or 
less in length. The exposed surface of the lenuna and the margins 
usually are beset with reduced spur asperites (pi. 10, E). The ed^ges 
of the lemma are beset with thin hairs 0.75 mm or less in length. 

The paleas are entire, not split. The lodicules are 1 mni wide and 
2.9 mm long and are beset with hairs 0.66 mm long. 

DISCUSSION 

Hybrid seeds were obtained and the Fi plants matured from the 
crosses of Haynaldm 'vUlosa on Trithmn aegilopoides^ T, Hmo~ 
pheevi^ T. dicoecoideSy T, dicoccum, T. dnnmi^ 1\ turgulmn^ T, polo- 
lilciim, and Secale fragile. Attempts to cross T. vidgare^^ T. spelta, 
T. compactum^ and S. cereale with II. villosa have met with failure. 
Several varieties of T. vidgare when pollinated with pollen from 
n. mllosa produced enlarged structures which were devoid either of 
embryos or of endosperms. One hybrid seed of the cross T. mdgare 
var. C. I. 6223 X H, viUosa germinated but died befoi^e the forma¬ 
tion of the third leaf. 

From Strampelli’s successful cross of T. vuJgare with T. villosiim 
{Haynaldia) as rej)orted by Raineri (d), and a similar cross witli 
anotlaer, T. spelfa X T. villoeuni^ by Tschermak (<S, 9), it is prob¬ 
able that these investigators may have had a variety of H. villosa. 
different from that used by the writer. The writer has been unable 
to cross T. mhlgare and T. spelta with H. villosa. 

The form of Haynaldm vUlosa used by the writer was prociu'ed 
from Russia, grew normally to a height of 120 to 130 cm in a 
greenhouse, and set seed satisfactorily under these conditions and 
out of doors. Another form of H, mllosa introduced from Denmark 
under the name Agropyron mlloswii'gmyf to a height of only 40 
cm and showed abnormal anther dehiscence, which resulted in 
almost complete sterility of the plants. Because of the difficulty in 
procuring pollen from the latter form no attempts were made to 
make hybrids with it. 

Special attention was devoted to a study of the trichomes because 
of the variation of their shape, length, and thickness. 

The lodicule is an interesting organ which has received little 
attention in morphological studies of the grasses. Preliminary" 
studies of the lodicules of Tntieum^ Secale^ Aegilops^ Hayneddia^ 
and Agi^opyron species indicate that these organs have certain 
characteristics that may be used in the identification of ^ecies and 
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titmni. There are clilfereiices in shape, dimensions, and marginal 
uidentatioiis. and in the length and distribution of the hairs on the 
exterior surfaces. Plate IS^'shows the lodicules of 7\ aegilopoides, 
T, foloniemn. S. fragile, and //. viJlosa and of Fi hybrids of the 
first three species ‘witii Haynaldkt. 

The various species used in the production of the hybrids de¬ 
scribed fall into two chromosome groups. Triticum aegUopaides^ 
Secale fragile, and Ilagnaldia viUosa are diploid species, wdiile T, 
funopheevi^ T. dicoccoides. T. dicocoum^ T. polonicmn^ f. durum, 
and T. tiirgidum are tetraploid species. Although H. viUosa, 8. 
fragile, and T. aegilopoides each have seven haploid chromosomes, 
when H. vUlom was crossed with S. fragile and T. aegilopoides the 
Fi hybrids were completely self-sterile. This has particular sig- 
niiicaiiee, especially in view of the fact that in the latter hybrid a 
maximum of five pairs of chromosomes were observed during mei- 
osis. With the exception of 2\ turgidum var. Alaska, all of the 
tetraploid species referred to above when crossed with H. villosa, 
a diploid species, loroduced hybrids that were completely self-sterile. 
The cross T. turgiduin var. Alaska X II. rillosa is the only Fi hy¬ 
brid among all of the crosses made that showed any fertility, and 
this produced only an average seed set of 3.8 percent with a maxi- 
iniiin seed set of 11.1 percent for a single plant. The Fo i^lants of 
this cross produced an average seed set of 29.7 percent with a maxi¬ 
mum seed set of 58.8 percent for a single plant, and the Fg plants 
produced an average seed set of 58.5 percent wfith a maximum seed 
set of 76.9 percent for a single i)lant. No apparent segregation 
occurred in tbe F.. and subsequent generations of the cross T. 
turgidum X II. rilJosa, the Fi type remaining fixed in its morpho¬ 
logical characters. In figure 9 are shown Fo spikes. 

In general, the Fi hybrids of the above crosses resemble the 
Tritwmii or Secale j^arent, although a critical study indicates that 
the majority of the characters of the F^ h^’brids are intermediate 
between those of the parents involved. Some characters of the Fi, 
however, show a decided increase over those of either parent, while 
others show a dominance of one or the other parent. For conven¬ 
ience in comparison 52 characters showing characteristics of the 
parents and F^ hybrids are listed in table 2. These are discussed 
in the following paragraphs, which are numbered to correspond 
witli the table. 

1. The Fi hybrids of Triticum timophecvi, T. dicoccoides, T. dtooccum, T. 
durum, T. turgidum, and T. polonicum with Eaymddia rillosa. are greater 
in stature than either parent, while those of T. aegilopoides and SccaJe fragile 
with it. iHlima are somewbar intemiediate to parental stature. 

2. The culms of Hagnaldia- villom are hollow at a point 2.5 cm below tbe 
head and possess large cavities. Triticum polonicum and Secale fragile have 
hollow culms with small cavities. WTieu these are crossed with H. mllosa 
the Fa plants have cavities iiitennediate between those of the parents. T. 
aegilopoifles, T. di&mmdes, T. dicoccum, and T. iurgiduni all have solid culms 
at a point 2.5 cm l>elow the head. When these are crossed with H. rillosa 
the Fi hyl>rids have culms with cavities similar in size to those of the 
H'Mpnatdm parent. Crosses between T. iimopJwerl and H. I'illosa, both of 
which have large culm cavities, produced TT hybrids witli culm cavities larger 
than those of either parent. Crosses between T. durum and E. villosa, with 
cttlia cavities similar in size, produced Fi plants with culm cavities not appre¬ 
ciably different in size from those of either parent. Cross sections of the 
eiilins 2.5 cm below the spike of the parents and Fi hybrids of the crosses 
T. mgil&poiics, T. durum, and S. fragile with E. villosa are shown in plate 3. 
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AntlKX-yaiiin formation in tlie stems is (lominant over tlie absence of 
ibis fiincrioii. The culms of Triticiim aegilopoides, T. dwoccoides, and Hccalc 
fragile possess antliocvanin pigment. T. timogheevi T. dicoocum, T. polonmmi, 

■T dimink and T. turriidum have culms devoid of anthocyaiiin pigment. When 
tliesp latter are crossed with Hagnaldia viUosa, which has anthocyauiii pig¬ 
ment in its stems, the Fi hybrid plants possess anthocyaiiin pigment. 

4. Papillate and pubescent peduncles are dominant over glabrous peduncles. 
All of the species here reported on, with the exception of Secale fragile and 
Tritieum timoidieeri, liave glabrous peduncles. T. timoplieevi has papillate 
lK:^«!iiiieles and when crossed with HainiaKlia viUosa with glabrous peduncles 
produced Fi hybrids with papillate peduncles. The papillae of this hybrid are 
fewer in niim]>er and smaller in size, however, than those of the T, tmopheevl 
parent. The peduncles immediately Iielow tiie spike of aV. fragile are abun¬ 
dantly piilsesceiit. When this species is crossed with H. villosa the resultant 
hybrids have pubescent ]>eduncles. The hairs of the hybrids, however, are 
trreater iii number but slightly shorter than those of the pubescent parent 
I pi 2, J. B. C). 

r». Glaucous culm is dominant over noiiglaueous culm. Tritieum timoplieevi, 

T. dierjeerndeH, T. duninh T. turgidum, T. polonicum, ^ecale fi'agile, and Hay- 
naldm rillosa all have glaucous culms. The culms of T. aegilopoides and T. 
dkveeum are not glaucous. When these latter two are crossed with B. villosa 
the Fi hy1}rids have glaucous culms. 

(I Considerable variation occurs in the length, number, and distribution of 
hairs on the nodes of the parents and hybrids. In some species considerable 
variation in hairiness exists even on the separate nodes of the same culm. 
When Tritieum aegilopoidrs and T. dhoccoidcs, with pubescent nodes, are 
crossed with Eaynaldia villosa, with glabrous nodes, the Fi hybrids have nodes 
with intermediate hair development. T. timoplieevi, T. dioocomn, and T. 
polmifcum, with puberulent nodes, when crossed with JT. villosa produced 
hybrids with nodal liairs usually shorter and fewer than those possessed 
by the puberulent parent. Seeale fragile, with puberulent nodes, when crossed 
with IL villosa prcxluced Fi hybrids having glabrous nodes. T. durum and 
T. turgidiim have glabrous nodes. 

7. Considerable variation in width of the leaf blades exists among the 
parents and Fi hybrids of the various crosses. Tritieum aegilopoides, with 
leaves 5 mm in width, represents the narrowest, while T, polonicum, with 
leaves 20 mm in width, represents the widest. T. timoplieevi, T. dicoccoides, 

T. durum, T. dicoecum, T. polonicum, and T. turgidum are all equal to or greater 
than Haynaldia rillosa in leaf width. When T. timoplieevi, T. dicoccoides, and 
T. durum are crossed with Haynaldia, Fi hybrids are produced with leaves 
greater in width than those of either parent T. diooccum, T. polonicum, and 
T. turgidum, when crossed with Haynaldia, produced Fi hybrids with leaves ' 
intermediate in width between those of the parents. T, aegilopoides and Secalc 
fragile are less in leaf width than Haynaldia, and hybrids of the former with 
Haynaldia have lesif blade's intermediate in width l>etween the parents, while 
hylulds of the latter with Haynaldia have leaf blades less in width than 
either. 

5. Pubescent leaf blade margins are dominant over glabrous leaf blade 
margins. Tritieum aegilopoides, T, timoplieevi, T. poloniemn, Secale fragile, 
and Haynaldia villosa huTQ leaf blades with pubescent margins. T. dicoccoides, 

T. dicoceum, T. turgidum, and T. durum have leaf-blade margins devoid of 
inihescenc*e. When the four latter are crossed with Haynaldia the Fi hybrids 
possess pubeseence on leaf-blade margins. 

11 Scabrid leaf-blade margins are dominant over their absence. Tritieum 
aegilopoides, T, tlmopheevi, T. dicoccoides, T, dicoccum, T. durum, T. polonicum, 
i^cmle fragile, and Baymidia villosa have scabrid leaf-blade margins. T. turifi- 
dimi has nonseabrid leaf-blade margins. When the latter is crossed with 
HaymMia, Fi plants with scabrid leaf-blade margins result. 

10. Pubescent leaf sheaths are dominant over glabrous leaf sheaths. Trite 
'Cum dicoccoides, T. dicoccum, T, durum, T. polonicum, T. turgidum, and Hay- 
maMia villosa have glabrous leaf sheaths. 5^. aegUopoides, T, Hmopheevi, and 
,£fwle fragile have pubescent leaf sheaths. When these are crossed with 
MmymMia the Fi plants possess pubescence on the leaf sheaths. 

11. Glaucous leaf sheaths are dominant over absence of this character. The 
leaf sheaths of Tritieum aegilopoides and T. dicoccoides are nonglaucous. 71 
timopMevL T. dicoccum, T, durum, T, polonicum, T. turgidum, Secale fragile, 
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and EaynG'^dia villosa have glaucous leaf sheaths. T. aegilopoides and T, 
dicocGoides, when crossed with Haynaldia, produce hybrids with glaucous leaf 
sheaths. 

12. Anthocyanin pigmentation of the leaf sheaths is dominant over its 
absence. Triticum dicoccoides, Secale -fragile, and Eagnaldia villosa, have 
anthocyanin-pigmented leaf sheaths. T, aegilopoides, T. timoplieevi T. dicoc- 
cunh, T. durum, T, polomoum, and T. turgidmv are without anthocyanin pig¬ 
mentation. When these are crossed with Eaynaldia the Fa hybrids have 
anthocyanin-pigmented leaf sheaths. 

13. Pubescence of overlapping leaf-sheath margin is dominant over its absence. 
Triticmy dicoccmi, T. durum, T. polonicum, T, turgidum, Secale fragile,, and 
Haynaldia, villosa all have overlapping leaf-sheath margins devoid of pubescence. 
T. aegilopoides, T, timopheevi, and T. dicoccoides have pubescent overlapping 
leaf-sheath margins. When the three latter are crossed with Haynaldia the Fi 
hybrids all possess pubescence on the overlapping leaf-sheath margins. 

14. The length of the auricle varies among the different species and hybrids. 
Triticum aegilopoides and T. timoplieevi, with short auricles, crossed with 
Haynaldia' villosa, possessing longer auricles, produced Pi hybrids somewhat 
intermediate in auricle length between those of the twO' parents. When T. 
dicoccoides, T. turgidum, and Secale fragile are crossed with H. villosa the 
Pi hybrids are similar to the Haynaldia parent in auricle length. T. dieoceiim 
and H, villosa are the same in auricle length, and their Fi has auricles of the 
same length as the parents. Crosses of T. durum and T. polonictim with 
Haynaldia produce Pi hybrids with auricles greater in length than those of 
either parent. 

15. With the exception of Triticum polonicmn and T. durum, all of the species 
used in the crosses here reiiorted have hairs on the auricles, these ranging 
from 0.25 to 6.0 mm in length. T. aegilopoides, T. dicoccum, and T, turgidum 
crossed with Haynaldia- villosa' produced hybrids having auricle hairs inter¬ 
mediate between those of the two parents. Crosses of T, timoplieevi and T, 
dicoccoides with Haynaldia produced hj^brids with auricle hairs greater in 
length than those of the parents. T. polonicum, without auricle hairs, crossed 
with Hai/naldia produced an Pi with auricle hairs greater than those of the 
Haynaldia parent. T, durum, without auricle hairs, crossed with Haynaldia 
produced an Pi having auricle hairs similar to those of Haynaldia. Secale 
fragile, -with short auricle hairs, crossed with Haynaldia produced hybrids with 
auricle hairs as long as those of the Haynaldia parent. 

16. The ligiiles of the various species and hybrids vary in length from 0.7 
to 4.0 mm. Triticum aegilopoides and T. timopheevi crossed with Haynaldia 
villosa produced hybrids with ligules intermediate in length between those of 
the parents. T. dicoccoides and T. turgidum crossed with Haynaldia produced 
hybrids having ligules greater in length than those of either parent. T. durum, 
T. polonicum, and Secale fragile crossed with Haynaldia produced hybrids hav¬ 
ing ligules of the same length as those of the Haynaldia parent. The ligules 
of the Pi hybrid of the cross T, dicoccum X Haynaldia are similar in length to 
those of the T. dicoccum parent. 

17. The spike widths of the Pi hybrids are not exactly comparable with those 
of the parents because of self-sterility. When kernels are present in the 
florets the glumes .are spread apart, causing an increase in the width of the 
spikelets. The simple type of head of Triticum turgidum var. Alaska is 10 
mm wide, while the ramified type of the same variety is 35 mm wide. Hybrids 
of T. turgidum X Haynaldia villosa produced simple heads with a maximum 
width of 9 mm or ramified heads with a maximum head width of 35 mm. The 
Pi simple head type is about the same width as that of Haynaldia, the smaller 
parent, and the Pi ramified heads are about the same width as those of the 
T. turgidum parents. In the crosses T. aegilopoides X H. villosa, T. dicoccoides 
X H. villosa, T. durum X H, villosa, and Secale fragile X H. villosa the Pi 
heads are somewhat intermediate in width between those of the i}arents. The 
head width of the Pi of T. dicoqctim X H. villosa is the same as that of T. 
dicoccum, the smaller parent, and the Pi head width of the crosses T. timopheevi 
and T. polcnmim with H. villosa is less than that of either parent (pis. 
5, 9, 10, 11). 

18. Crosses of the vainoiis species of Triticum and Secale with Haynaldia 
tnllosa produced Pi hybrids with spikes longer than those of either parent (figs. 
1 -^). 

19. The number of spikelets to a head varies with the parents and hybrids. 
Triticum dicoccoides, with an average of 19 spikelets, represents the species 
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k <r.reliter average nimiber of spikelets to the head than that iirodneed by either 
‘parent. When T. dicoccum, T. durum, and T. iurgidum were crossed witli 
Hiilfnaldia the Fi hybrids produced an average nixinber of spikelets inter mediate 

between those of the parents. ^ 

‘>0 The spikelets vary in width. The width of the Fi spikelets resulting 
from the crosses Triticum aeffHopoidcs, T. dicoccoides, turgUluni, and Secale 
fragile with ffaifualdld villosd- is greater than that of eithei paieiit. The 
width of the Fi spikelets resulting from the crosses of T. timoplieevi and T. 
(Umceum- with Hagmildia is smaller than that of either parent. The cross of 
T, duniiii with Hagufildia produces a spikelet the width of which is intermediate 
lietweeii the width.<? of the parents. The width of the Fi spikelets of the cross 
T. pmnicum i»y llaimaUUa is equal to that of T. polouicum, the larger parent 
»|ils. m 0, 10, 111. 

21. Tbere is considerable variation in the length of the spikelets of the 

parents and hybrids. The spikelet measurements were made from the tip of 
tlm uppermost floret to the base of the glume of the lowermost floret, drosses 
of Trltieum aegiiojmide.^. T. diaocrum. and T, poloniewm with iragnaldia pro¬ 
duced Fi hybrids with spikelets intermediate in length between those of the 
parents. T. timopUeeri, T. dicr)ceoide,s\ T. tnrgklum, and Secale fragile, when 
crossed with UagnaUm, produced Fi hybrids greater in spikelet length than that 
of either parent. The Fi hybrid of T. durum X E. villosa produced spikelets 
equal in length to those of T. durum. Cfliaracters that materially influence the 
leogtli of The spik(‘U‘t are the nninher and length of the imperfect upper florets. 
Ju the species studied, with the exception of T. acgilopoides, each of the two 
lower florets of a spikelet normally produced a kernel. In all the hybrids but 
one (jP. turgidum var. Alaska X S’, villosa) the glumes appeared normal in 
development but no kernels were produced. The numljer of imperfect upper 
florets of a spikelet varies somewhat among the different species. Tiie upper 
florets of the spikelets of S. fragile ainl T. aegilopoides are only rudimentary 
and <lo not protrude above the two lower florets. T. aegilopoides produces 
only a single kernel to the spikelet. Eagnaldia had the greatest number of 
sterile florets protruding <m the spikelet and when crossed with species of 
Tritieuui and tisoaily produced an intermediate expression of this char- 

ii<*ter (pis. 5, 9. 10. 11). 

22. Branched rachis is dominant over simple rachis. Eagnaldia villosa and 
all the species of Tritleum studied, with the exception of T. turgidunh have 
simple rachises. T. turgidum var. Alaska usually produces ramified or Ixraiiched 
lieads, but this cliaracter is not stable under all environments and both branched 


and simple head types may be produced. When T. turgidum var. Alaska with 
rainifiecl or brain.Iied heads was cr<»ssed with E. villosa having simple heads, 
I tie Fi hybrids produced both branched and simple heads {fig. 7). 

2S. Fragile rachis is dominant over tougli rachis. Fragility of the rachis 
lias been divlde^I into two types of expression, i. e., fragile and very fragile. 
Trifiemih acfnlopoides. T. dwoerendes, t^eealc fragile, and Eagnaldia viUosa< 
have very fragile rachises. T. dieoemm has a fragile ra,cliis. T. finioplwcvi. 
T. durum, T, polonicum, and T. turgidum have tough rachises. Species with 
fragile raeliises crossed with E. rillosa. having a very fragile rachis, produced 
Fi hybrids with very fragile rachises. Species with tough rachises crossed with 
i/. rUlom profliieeti Fi iiybrids with very fragile rachises. The one ex<*eption 
to tills was the Fi hybrid of the cross T. polonicum X E. villosa, which produced 
fragile rachises (pis. 5, 9, 10, 111. 

24. AH the sfiecies of Triticum and Seealc used in crosses, with the exception 
of T. fimophecri, liave jfbloiig or wedge-shaped rachis internocles. When these 
were crossa! with i/. villosa, with ob«,»vate rachis inteimodes, the Ft hybrids had 
intei'niediate-sliaped intermales. T. timopJieein, with blunt cnneate-shaped 
riiclds hifiu-nodes. when cr<*ssed with Eagnaldia, produced Ft hybrids W’itli 
niclils ImeniHdos imerintMllate beiw^vn of the parents. In" plate fl, 

is shown oi: obbjiig raelds internode <d’ 7\ dU‘iHU‘oldes: plates S, i\ shows an ob- 
iwate nmlils imeniode of E. rillom: plate 8, li, the Fi hylirid between the two 
forms. As may be observed, tlie Fi hybrhl favors the Tritieimi parent in 
leiigrli,^ while the obovnte crjndition of the Tiagnaldia rachis predominates. 

iTt. The ^ rachis ^illternodes of the various parents and Fi hybrids vary in 
length. lien Tritleum aegilopoides and T, durum with long rachis internodes 



Nov. 1, 1935 


Intergeiienc Hybiids of Triticum and Secale 


795 


were CTO^ssecl with Haynaldla rillosa with short racliis inteniodes, the iiiter- 
HOdes of the Pi hybrids were tluj sniue length as the iiiteniodes of the Triticim 
pa rents. T. timoyheevL with the sljort racliis internudes, when erossed with 
IlaijnuldUi^ produced Fi hybrids with Internodes longer than those of either par¬ 
ent. h'ecalc fragile, T. (licoccoidca, and T. poJonivum, with long internodes, when 
eiatssed with HaynuJdki produced F lijindds with internodes intermediate 
between those of the parents. The Fi liybrids of the crosses T. turgklum and 
T. dicocciim with Haynaldia produced rachis iuternodes greater in length than 
those of the Triticum parent. 

26. The nontufted condition of hairs on the lateral edges of the rachis inter- 
nodes is dominant over the tufted condition. All of the species of Triticum and 
Secale studied have nontufted hairs on the lateral edges of the rachis inter¬ 
nodes, and, while Hapialdia has rachis internodes with tufted hairs, the Fi 
hybrids all had nontufted hairs (pis. 5, 9, 10, 11). 

27. Glume width varies among the dilferent species and liybrids. The glumes 
of the Fi hybrids of Triticum timopUccvi, T. aegilopokles, and Secale fragile 
with H, villosa are intermediate in width between the glumes of the parents. 
Fi hybrids of T. durum and Haynaldia have glumes eciiial in width to those 
of Haynaldia, the parent with widest glumes. The Fi hybrids of T, polonicum 
and Haynaldia are egual to T. polonicum in width of glume. The glume width 
of the Pi hybrids of T. turgidum and T. dicocciim with Haynaldia is greater 
than that of either parent. The glumes of T. dicoccoidcs, H, vlUosa, and 
their hybrids are alike in width. 

2S. Glume length varies among the species and hybrids. Crosses of Triticum 
Umoplieevi, T. dicoccoidcs, T. polonicum, and Secale fray He with Haynaldia 
produced hybrids the glume length of w’hich wars intermediate betw^een that 
of the parents. When T. aegilopokles, T. dicoccum, T. durum, and T. turgidum 
are crossed with Haynaldia, the Fi glume length is greater than that of either 
parent. 

29. The beaks or awms on the glumes of the several species of Triticum and 
of Secale and Haynaldia and their hybrids vary considerably in length. All 
of the Tritiaum species studied have shorter glume beaks than those of Hay¬ 
naldia. The glume beaks of the Fi hybrids of T. tlmopliecvi, T. dtcoccoides, 
and T. dicoccum are greater in length than those of the parents. Fi hybrids of 
T, aeyilopoides, T. durum, and T. tm'gklum have glume beaks intermediate 
betw’eeii those of the parents but favor Haynaldia. The Pi hybrid of T. 
polonicum and Haynaldki^ has glume beaks as long as those of Haynaldia, the 
parent with the longer glume beaks. The glume beaks of the Fi hybrid of 
iSt. fragile and Haynaldia are intermediate between those of the parents but 
favor those of Secale. 

30. Considerable variation occurs in the shape of the glumes at the apex 
and in the expression of the tooth wlieii present. Haynaldia villosa has 
broad, elevated, and rounded shoulders. Secale fragile lacks glume shoulders, 
and wlien crossed with H. villosa it produced Fi hybrids with glume shoulders 
slightly elevated and somewlxat intermediate in width. When Triticum durum, 
with narrow and slightly elevated glume shoulders, w'as crossed with H. villosa, 
the Fi hybrids had shoulders that w’ere elevated and intermediate in width 
T. turgidum, with narrow and oblique glume shoulders, crossed with H. villosa, 
produced Fi hylirids having elevated glume shoulders inteimiediate in width. 
T. monoeocemn and T, dicoccum, with narrow glume shouldei’s and a short 
tooth, crossed with Haynaldia, produced Pi hybrids having glume shoulders 
intermediate in width and possessing a tooth on each glume. T. dieoccoides 
and 'F. timoplieevi, with glume shoulders slightly elevated and with a single 
tooth, wlien crossed with Haynaldia, produced Fi hybrids with usually slightly 
elevated glume shoulders intermediate in width and sometimes showing a 
rudimentary tooth (pis. d, 9, 10, 11). 

31. Haynaldia villosa has large papillae on its glumes. When crossed with 
Triticum aegilopoides, T. dieoccoides, T. durum, T. dicoccum, T. turgidum, T. 
polmiicum, and Secale fragile, all with small papillae, it produced Fi hybrids 
with intermediate-sized papillae on their glumes. T. timopheevl, with glumes 
devoid of papillae, wlien crossed with Haynaldia produced Fi hybrids with 
medium-sized ])apillae on their glumes. 

32. Canaliculate glumes are dominant over the iioncanaliculate condition, 
Haynaldia villosa possesses a deep channel or depression betw’een the two 
prominent keels of the glume. No channels of this nature are present in the 
other species studied. The crosses all showed the canaliculated condition in 
the Pi hybrids, except that the glumes had more shallow depressions than E. 
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viilosii and were usiiallv bisected by a prominent nerve, foriuliig two distinct 
ebannels. Seeale frig Re X E. mllosa had no middie nerve. Uiiicanaliculation 
is always associated with bicarination. ^ ^ a 

33 Bicarinate glumes are dominant over unicarinate glumes. Ail ot the 
gneeies of Tritwimi and SecaJe reported herein are single-keeled or unicari¬ 
nate, while Ha-imaUia viliosa has bicarinate glumes. There is some variation 
in the keel expression of the bicarinate glumes of the Fi hybrids, but, in gen¬ 
eral, the bicarinate condition predominates. 

34 Oiaueous glumes are dominant over nonglaucoiis glumes. EaynaUia 
■rimsa. Tritieum timopheem, T. polonicum, T. turgidum, T. durum, and Secale 
fragile have glaucous glumes, and hybrids involving them all had glaucous 
glumes. T. dicoGCum, T. aegilopoides, and T. dwoceoides have nonglaucous 
glumes, vet when crossed with E, villosa the hybrids had glaucous glumes. 
The hybrids usually were glaucous, intermediate in degree between the parents. 

35. Pubescent glumes and lemmas are dominant over nonpubesceiit glumes 
and lemmas. All of the species studied, except Triticum polonicum and T. 
titmpkefTi. have nonpubescent glumes and lemmas. The two exceptions have 
pubescence” on the exterior surface of the glumes. The presence of pubescence 
Oil the glumes and lemmas of these forms is accompanied by the additional 
development of asiierites and hairs (pubescence) of greater thickness and 
ieiigth on the keels and nerves. This is true to an extent that hairs some¬ 
times resemble small sui>erasperites (pi. 9). When Eagnaddia, with glabrous 
glumes and tufted bristles on its keels, is crossed wdth TriUcum timopheevi, 
with pubescent glumes and asperites on its keels, the Fi hybrids have glumes 
with considerably reduced pubescence both in length of hair and distribution, 
and keels with superasi>erites 1.7 mm long. On the other hand, when Eag^ 
imMia is crossed with T. poimieuni, with less pubescence than that possessed 
Ijy r. tifmpJieevi, the Fi hybrids have a reduced pubescence on the glumes with 
only slight development of asperites on the keels and prominent nerves. These 
asperites rarely exceed 0.5 mm in length. A few superasperites as long as 
1.5 mm, how'ever, were sometimes developed on the keel of the lemma. 

30. The lemmas of the different species and Fi hybrids are variable in width. 
When Hagmldia rillosa w’as crossed with Tritieum aegilopaides, the Fi hybrids 
had lemmas equal in width to those of Eagnaldia, which had the widest lemmas. 
The Ft hybrids of T. dieoccoideg have lemmas equal in width to those of the 
parents. The Ft lemma widths of the crosses T. durum and T. turgid-Urm with 
Hagmldiu are greater than those of either of the parents. The Ft hybrids 
of tile cross Keeale fragile with Eaymldm have lemmas equal in width to those 
of 8. fragile, the parent having the wider lemmas. The ITi hybrids of the 
cross jT. dieocmm X H. villom have lemmas as wide as those of T, dicoecum, 
the wider parent 

37. The lemmas of all the species and hybrids vary in length. In all the 
crosses but one the Fi hybrids produced lemmas intermediate in width between 
those of the imreiits. The exception, the cross Tritieum dicoccmn X E. villosa, 
produced Fi hybrids with lemmas slightly greater in length than those of 
either parent. 

38. The awns on the lemmas of the various species and their hybrids show" 
eonsMerable variation in length. Crosses of Tritieum aegitopaides, T. timo- 
pheevi T* dicoecoldet T, durum, T. polonicum, T, turgidum, T. dicoccum, and 
Seeale fragile with Eainmldia villosa produced Fi hybrids with lemma awms 
Interm^ediate in length betwreen those of the parents. 

Black or purple awns on lemmas and glumes are dominant over yellow^ 
awns. When blaek-awned species are crossed with piirple-awmed species, the 
awns of the hybrids are usually purplish black. Tritimm timoplieevi, T. 
fUmiTtMes. T. pokmmmi, and T. turgklum have brown to black awns, while 
r. fifgihjpoides, T. dimeeum, and T. durum have yellow awns. When Eagnaldia 
with purple pigment in its awns W’as crossed with T. aegUopokles, T. 
fhajeeam, or F. ilurum., the Ft hybrids produced w^eakly purple awns. When E. 
iRJifjSa i,vas criissed on T. timeplieevi, T. dicoccokles, T. polonicum, or T. tur¬ 
gidum, tlie Fi liyl)r|ds had purplish black awns. Eagnaldia crossed with Secale 
frainle, also liaviiig purple awns, produced Ft hybrids with awns usually more 
intensely piirfde than those of either parent. 

m. Hamialdki rmosa has large papillae on its lemmas. When crossed with 
Tritieum aegilopoides, T, timopJiecvi, T, dieoccoides, T. dm'wm, T. dicoccum, T. 
turgidum, T. ■po^mijeum, and Seeale, fragile, all with small papillae, Ft hybrids 
were produced with intermediate-sized papillae on their lemmas. In plates 
A E, and 11 F. are shown papillae on a lemma of H. villosa. 
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41. In general, the tricliomes on tlie glume keels of tiie Fi liybrids resulting 
from crosses between species liaving short and long glume keel tricliomes arc 
intermediate in length. When Tritirmui species possessing glumes with asperites 
on their keels were crossed with Maynaldla, which possesses bristles on its 
glume keels, the Fi hybrids had super asperites on the keels (pis. 5, 9, 10, 11, 12), 
Becale fragile, with asperites on its glume keels, when crossed with Haijnaldia, 
produced Fi liybrids with superasperites on their glume keels sliglitly shorter 
than those on the TintIcurn hybrids (pis. 10, 14). 

42. Nontufted or continuous tricliomes ou the glume keels are dominant 
over tufted tricliomes. Nontufted tricliomes are present on the glume keels of 
the species of Triticum and Becalc studied. When they were crossed witli 
Haynaldm, wdiich has tufted trichomes on its glume keels, the Fi hybrids liad 
nontufted tricbomes or superasperites on tlieir glume keels. These superas¬ 
perites were usually fewer, thicker, and shorter than the tuft bristles on the 
glume keels of Haynaldia (pis. 5, 9, 10, 11, 12, 14). 

43. Triticum aegilopoides, T. timopheevi, T. dieoccoides, T. dieoccum, T. 
durum, T. polonicum, and T. turgidum have short trichomes or asperites on 
the keels of their lemmas. When crossed with Haynaldm villosa, having long 
trichomes or bristles ou the keels of its lemmas, these species produced Fi 
hybrids with superasperites intermediate in length between the trichomes of 
the parents (ills. 5, 9, 10, 11, 12). Becale fragile, with spur asperites on its 
lemmaj keels, when crossed with H. rillosa produced Pi hybrids witli super¬ 
asperites intermediate between the trichomes of the parents (pis. 9, 14). 

44. Nontufted or continuous trichomes on the lemma keels are dominant over 
tufted trichomes. Nontufted trichomes are present on the lemma keels of 
the species of Triticum and Becale studied. When these species were crossed 
with Haynaldia, which has tufted trichomes on its lemma keels, the Fi hybrids 
had nontufted trichomes or superasperites on their lemma keels. These super¬ 
asperites were usually fewer, thicker, and shorter than the tuft bristles on 
the lemma keels of Haynaldia (pis. 5, 9,10,11,12,14). 

45. At the base and on the exterior side of the spikelets of the various species 
and hybrids are short bristles varying in length from 0.2 to 5 mm. Triticum 
aegilopoides, T. timophcevi, T. dicoccoides, T. dicoccum, T, durum, T. polonicum, 
and T. turgidum have basal bristles considerably longer than those of Haynaldia 
villosa. When these species were crossed with the latter, the Fi hybrids had 
basal bristles intermediate in length between those of the parents. Becale fragile, 
with basal bristles 0.2 mm long, produced Pi hybrids with basal bristles 0.35 mm 
long. Plate 6 shows the basal bristles of the parents and Fi hybrid of the 
cross T. dicoccoides X H. villosa. 

40. In general, the number of bristles at the base and on the exterior side 
of the rachis of the Pi hybrids is intermediate between those of the parents, 
but tends toward the condition in the Triticum or Secale parent (pis. 0, T). 

47. At the base of the spikelet on the side facing the rachis the variou.s 
species and Fi hybrids possess short bristles varying in length from 0.2 to 1.5 
mm. Triticimi aegilopoides, T. dicoccum, and T. turgidum, with bristles 
0.3 mm long, produced Pi hybrids with bristles equal in length to those of the 
Triticum X)arent. T. durum, T. polonicum, and Becale fragile, with basal bristles 
equal to or longer than those of Haynaldia, when crossed with the latter gave Fi 
hybrids with bristles longer than those of either parent. T, tirnoplieevi and 
T. dicoccoides, with basal bristles much longer than tliose of Haynaldia, when 
crossed with the latter gave Fi hybrids with basal Irristles intermediate in 
length between those of the parents. Plate 7 shows the basal bristles of the 
parents and Fi hybrid of the cross T. dicoccoides X H. villosa. 

48. In general, the number of bristles at tlie base on the side of the spikelets 
facing the rachis of the Fi hybrids is intermediate between those of the parents 
but tends toward the condition in the Triticum or Becale parent (pis. 6, 7). 

49. The Fi hybrids of the crosses Triticum aegilopoides, T. timopJieem, and 
Secale fragile with Haynaldia villosa had lodicules intermediate in width 
between those of the parents. Pi hybrids of the crosses T. dicoccum and y. 
durum with H. villosa had lodicules greater in width than those of the parents. 
The cross T, polonicum X S. villosa produced Pi hybrids with lodicul^ as wide 
as those of the T. polonicum parent. In the cross T. turgidum X H. villQS,a 
the Fi lodicule width was as great as that of the Haynaldia parent. The Fi 
hybrids of the cross T. dicocGOides X H. villosa had lodicules similar in width 
to those of the parent (pi. 13). 

50. The length of the lodicules of the various species of Triticum, Becale 
fragile, Haynaldia villosa, and their hybrids varies. Hybrids of the crosses 
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r .V, r. iimopltccvi, T, dwoceoUlc^^, T. diimm, and T, Uirgldum with 

mimfldia iiiiosii prodiicKl hfdiciiles intermediate in length between those of 
file'parents Fx livbrids of T. polonicum X H. mllosa produced locliciiles longer 
I hail those of the parents. Fi hybrids of T. clwoceiim X E. ■villosa had lodicules 
as long as those of EamuiUkt, the longer parent. The Fi hybrids of S. fragile X 
E mllom had lodicules as long as those of the Sccalc or longer parent (pi. 13). 

51 The length of the hairs on the lodicules is variable. Short hairs ai’e 
preseait on Imh the exterior surface and edges of the lodicules of the Trltieum 
‘.irteeies f^ecale fragile has long hairs confined mostly to the edges of the lodi- 
riile'^, and Hmuuildk inllosa has lodicules with only a few very short hairs on 
the edges or none at all. The species of Trlticiim and Secale used in the 
crosses had hairs with a maximum length of 1.35 mm on their lodicules, while 
i/. rUlam had lodiciile hairs witli a maximum length of 0.05 mm. With the 
exception of the Ft hybrids from the crosses T. acgilopoicles and T. dioocooides 
with //. ivllosa, all the crosse.s produced Fi hybrids with lodicule hairs interme¬ 
diate in length between those of the parents. The two exceptions pimdnced Fi 
hybrids witli lodicule hairs longer than those of the Triticum or longer parent 
lid. 13). 

52. Tritleum- acgilopoidcs has paleas that are split laterally through the 
center. All of the other species of Trificmn, SecaJc fragile, and Eaynaldia 
riilom have entire paleas. When T. aegilopoidcs, with split paleas, was crossed 
wliii if. riilhfia, tile Fi hybrids produced entire paleas. 

Tlie only Fi hybrid involved in the experiments herein reported 
that produced seed was that from the cross Triticum turgiduin var. 
Alaska X Haynaliia villosa. The kernels of this Fi hybrid are 
longer than those of either parent and somewhat intermediate in 
width. The kernels of the Fo plants are similar in size to those of 
the Fi plants. Plate 2 shows characteristic kernels of the parents and 
of the Fi and F.. 

With tlie exception of the cross Triticum tiergidum var. Alaska X 
llmjmldia villosa, no material is available for study beyond the Fi 
generation, oiving to self-sterility. However, the variability in the 
expression of the characters of the parents and their behavior in the 
Fi Iiybrid.s suggests different modes of inheritance. The following 
characters show a quantitative expression: Plant stature, leaf width, 
auricle length, auricle hair length, ligiile length, width and length 
of spike, number of spikelets. width and length of sj)ikelets, length 
of rachis internodes, length and width of glumes, length of glume 
beak, length and width of lemma, avrn length, length of trichomes on 
glume and lemma keels, length of bristles at base of spikelet on 
exterior side and on side facing rachis, width and length of lodicule. 
and lentil of lodicule hairs. 

The characters that are extremely difficult or impossible to measure 
at the pre^nt time, but which, by inspection, also showed differences 
in expression of quantitative nature are as follow^s: Solidity of straw. 
aiitlKKWTinin in culm and leaf sheath, glaucousness of culm and leaf 
sheaths, pubescence of culm nodes and glumes, scabrousness of leaf- 
ohide margins, juiI}csc*enee of leaves and leaf sheaths, glaiicousness 
uf ffliinies. fragility of rachis. shape of shoulder on glume, canalicu- 
iatioii uf idiimes, earinatioii of glumes, black and purple pigmentation 
of the awns.^and number of bristles at the base, of the spikelet on 
exterior and interior sides. 

OtJier characteia that suggest simple inheritance based on single- 
tactor ditterences arc pubescence of the peduncle, pubescence on the 
overlapping edge of leaf sheaths, branching of rachis, size of papil¬ 
lae on lenmia and glume, arrangement of trichomes (tufting) on 
glume and lemma keels, and split palea. 
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SUMMARY 

llayntdiha ‘vUlom was crossed on Triticum aegiloyoldes^^ T. thno- 
fheevf T, dicoacoMcs^ T. dicoccum^ T. du.runu T, folomcmn^ T, tur- 
gidum^ and Secale fragile^ and the Fi plants were matured. At¬ 
tempts also were made to cross H. villosa with 2\ vulgare^ T. com- 
gactimi^ T. s])elta^ S. cereade. and /S'. ccreaJe a nee st rale, but only an 
occasional enlarged structure, with neither embryo nor endosperm, 
was produced. However, one hybrid seed of the cross T. vulgare 
(C. I. 6223) X B. Villosa germinated but the plant died before the 
formation of the third leaf. 

All the Fi plants except those of the cross Triticum. turgkhini var. 
Alaska X Ilaynaldia vilJosa were completely self-sterile. The Fj 
hybrids of this cross produced an average seed set of 3.8 percent, 
with a maximum of 11.1 percent for a single plant. The Fo plants 
jiroduced an average seed set of 29.7 percent, with a maximum of 
58.8 percent for a single plant. The Fs plants produced an average 
seed set of 58.5 percent, with a maximum of 76.9 percent for a single 
plant. No apparent segregation occurred in the Fo and subsequent 
generations, the Fi type remaining fixed in its morphological 
characters. 

In general, most of the Fi hybrids resulting from the crossing of 
Triticum st^ecies and Secale fragile with Ilaynaldia villosa resembled 
the Triticum or Secale parent, but a critical study of the morpho¬ 
logical characters possessed by the parents and the F^ hybrids indi¬ 
cates that the majority of the characters of the hybrids are interme¬ 
diate between those of the parents. Some characters of the Fi 
plants show, however, a decided increase in degree of expre,ssion 
over those of either parent, while others show a dominance of the 
one or the other parent. 

More than 52 morphological characters of the parents and the F. 
hybrids of eight crosses were studied in detail. 
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A CYTOLOGICAL STUDY OP PUCCINIA MALVACEARUM 
FROM THE SPORIDIUM TO THE TELIOSPORE ^ 


By Ruth F. Allen ^ 

Pathologist, Division of Cereal Crops and Diseases^ Bureau of Plant Industry, 

United States Depatiment of Agriculture, and associate in agronomy, California 

Agricultural Experwient Statioii 

INTRODUCTION 

As knowledge of heterothallism in the rusts broadens and the im¬ 
portance of the spermogonium in reproduction is realized, the question 
arises as to how reproduction takes place in rusts that have no 
spermogonia. 

Hollyhock rust, Puccinia mahacearum Bert., a microcy^clic species 
without spermogonia, was chosen for study. The rust is maintained 
by a succession of telial generations. Aecia, uredia, and spermogonia 
are unknown. An earlier paper {oY on this rust presents cytological 
details of the development of the tehospore, nuclear fusions within 
it, the germination of the spore, the reduction divisions, and the forma¬ 
tion of the sporidia. The present study begins with the sporidiiim 
and traces the infection of the host, mycehal growth, and the develop¬ 
ment of the tehal sorus. 

The literature on Puccinia mahacearum was review'ed in the former 
paper (5). A few additional notes are given here. 

Before the discovery of heterothallism in rusts (15), in 1927, 
homothallism was taken for granted. On the assumption that the 
binucleate mycelium could arise directly within an isolated haploid 
mycelium, the main cytological interest in both long- and short-cycle 
rusts centered on the mode of transition to the binucleate condition. 
Several papers deal with this point in Puccinia mahacearum. 

Blackman and Fraser (IS), in 1906, found that the transition from 
uninucleate to binucleate cells in Puccinia mahacearum took place at 
several points in the same sorus and suggested the possibility that 
two sister nuclei may become conjugate in a cell. They also state 
(ISj p, 4^) that — 

The smallness of the cells and nuclei, and the absence of any regular row or group 
of cells—such as are found in the aecidia—on which attention can be concentrated 
in the hunt for nuclear migrations or cell-fusions, render the task of elucidating 
such a point almost hopeless. 

Olive (^9), in 1911, noted that in some short-cycle rusts the binu¬ 
cleate mycelium arises at the base of the sorus and that in others it 
“arises at some indefinite point earher in the life history in the 
vegetative mycelium."^ Puccinia mahacearum is fisted in the first 
group. 

1 Beceived for publication June 26, 1935; issued January 1936, Cooperative investigations of the Divi¬ 
sion of Cereal Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, and the 
Agricultural Experiment Station, University of California. 

2 Acknowledgments are made to H. B. Humphrey, of the Division of Cereal Crops and Diseases, for 
careful reading of this manuscript, and to members of the Divisions of Agronomy and Genetics of the 
University of California for courtesies extended during the work. 

3 Beference is made by number (italic) to Literature Cited, p. 816. 
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Arertli and Ludwigs in 1912, found tliat in the young sorus of 
Fuceirm malvaceariiru there js a definite layer of column-shape cells. 
These form pairs, each consisting of a smaller and a larger cell, and 
the niieleiis of the smaller cell passes through a small opening in the 
walls into the larger coll. They also note an occasional irregular 
binucleate cell in the tissue above. 

hloreaii (2S), in 1914, also found a layer of club-shape cells in the 
young sorus. These fuse by pahs, the wall between the two dissolving 
first at the tip, then through a broader contact area. The two cells 
that fuse may be either equal or unequal. The fusion cell gives rise 
to a short liypha of binucleate cells, at the tip of which the teliospore 
forms. 

Liiidfors in 1924, also working on Puccinia malvacearum, saw 
fusions at an earlier stage, before the pseudoparenchyma of the sorus 
formed, and found that the cells that fuse may be equal or unequal. 
These earlier binucleate cells grow and divide further before spore 

formation. 

As may be seen, these accounts of the origin of the binucleate cells 
in Puccinia malmcearum contradict each other on nearly every point. 

Since the discovery of heterothallism in rusts, it still has been 
assumed that a mierocyclic species without spermogonia would be 
without means of crossing and so must be homothallic. Jackson (^4)? 
in 1931, and Buller (i7, p. 2S6), in 1931, cite Puccinia malvacearum 
as probabty homothallic, and Ashworth (IS), in 1931, presents experi¬ 
ments in support of homothallism. 

MATERIAL AND METHODS 

Potted mallow {Alalm sp.) plants were used for inoculation. Some 
were grown and inoculated in the greenhouse; others out of doors on 
a third-floor balcony. In inoculation, a glass cylinder 4 inches in 
diameter and 8 or 10 inches high, lined with wet paper toweling, was 
set down over the plant with the lower edge pressed into the soil. 
A pad of wet paper was placed in a Petri dish and an infected leaf of 
hollyhock {Althaea rosea (L.) Cav.) or mallow was placed on it and 
secured in position by rubber bands. This was inverted and placed 
on the top of the cylinder as a lid. A layer of wet paper was folded 
down about the top, covered with cellophane, and fastened in place 
by a rubber band. This placed the germinating spores directly over 
the mallow plant in a small damp chamber. The plant was then 
heavily watered and placed in diffuse light for 48 hours; then the 
cylinder was removed and the plant was placed in stronger light. 
Attempts were made to keep the plants free of insects. 

Material was fixed daily up to 12 days after inoculation and at 
longer intervals from then until 25 days after inoculation. Several 
fixing solutions were tried, but Flemming’s medium and weak solu- 


EXPLANATORY LEGEND FOR PL.iTE 1 

.4, B, C'—ALitsirs blaueleatd sparidia I day after iBacsalation was sst up. X 1,400'. 
n, K.—spjrliia, 1 day after iuoculation was set up. X 1,400. 

with germ tubs, 1 ^tey after laosuiatiou was set up. X 1,400. 
lf.™^ytoplasiB fr-aiu sp;)ridiu;n, a, diwiag into host call at b; 1-day infection, X 1,400. 

/.--temiaa'ling spori.iiu u at a. Begiaaiag of primary hypha at 6. One-day infection. X 1,400. 
j — Umeellniar, binucleate prlm-ury hypha, a, from 1-day infection. X 1,400. 

A.—4 oung primary hypha, a, In guard ceil of stonm;^ l-day infection. X 1,400. 

L, bpondiuin, &, has entered guard cell at c. Sporidium, c, has entered stomatal aperture. Sporldium, 
G, germ tube, i, and palisade cell, s, are dead. Three-day infection, x l,4C». 
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tions proved the best. The fixed material was washed, dehydrated, 
and embedded in paraffin. The principal stain used was iron haema- 
toxylin counterstained with Congo red. 

In the search for conidia, both potted material and separate leaves 
of mallow and hollyhock were placed in damp chambers. Material 
was removed at different times during the day and night; part of it 
was fixed, and the rest was used in making freehand sections. 

EXPERIMENTAL RESULTS 

ENTRANCE AND VEGETATIVE GROWTH 

During the first 24 hours after an inoculation is set up, the telio- 
spores germinate and produce the sporidia, which fall upon the leaves 
of the host plant, germinate there, and enter the epidermal cells of the 
leaf. 

The single nucleus of the immature sporidiiim of Puccmia malra- 
cearwn divides once (5) as the spore matures. Sporidia that have 
been discharged from the promycelium and are found lying on the 
host leaf are regularly binucleate (pi. 1, A, B, O).^ The spore is 
originally lemon-shape (C) but quickh” flattens down against the 
epidermis {A, B) and pushes out a germ tube at one side (D; F, a: 
G, a). This germ tube usually is short, but occasionally (E; i, d) 
exceeds the diameter of the spore in length. 

The tip of the germ tube penetrates the outer wall of the epidermal 
cell directly (pi. 1, H) and enters the host cell. In H the cytoplasm 
is flowing through the germ tube into the host cell (f/, &), leaving the 
sporidium (a) somewhat vacuolated. In /, there are 2 spores, 1 of 
which {a) has germinated but not entered, while the other (with spore 
wall missing) has formed a sack-shape mass (6) inside the epidermal 
cell. Then the two sporidial nuclei move in (J, a), completing the 
transfer of the sporidia] protoplast to the epidermal cell. The empty, 
collapsed sporidial wall (pi. 2, vi, a; B, a; C, a; Z), a) is often found at 
the point of entrance. 

Ordinarily, the sporidium germ tube eaters the epidermal cell on 
which the sporidium lies. This small thin-walled, short-lived cell 
with watery content and the minimum of food is incapable of produc¬ 
ing a germ tube long enough to grow to a stoma. Even when, by 
chance, the sporidium falls upon a stoma, it may enter the guard cell 
instead of growing in through the stomatal aperture. In plate 1, Ky 
which shows a diagonal section through a stoma, a portion of a badly 
cramped primary hypha is seen in the little guard ceU at a. Perhaps 
when the sporidium landed the stoma was closed. Rarely, the ger¬ 
minating sporidium does enter the stomatal aperture. L shows two 

^ With the exception of plate 5, A and B, drawings are oriented in the plates as the tissues drawn were 
oriented in the leaf, i. e., the part drawn that was nearest the upper epidermis of the leaf becomes the upper 
edge of the drawing. 


EXPLANATORY LEGEND FOR PLATE 2 

A. —At a, empty sporidial wall; h, enucleate and, c, binucleate cells of primary hypha of Lday infection. 
X 1,400. 

B. —Primary hypha with empty sporidial wall at a, and septum at b dividing former binucleate cell into 
two uninucleate cells which have produced the branches, c, d; 2-day infection. X 1,400. 

(7.—Four-cell primary hypha with sporidial wall at a, and branches in palisade cells at b and c; ?--day 
infection. X 1,400. . 

D.—Primary hypha, b, c, with sporidial wall at a, and branches in palisade cells at d anti r; 3-day infec¬ 
tion. X 1,400. 

£?.—Older pricnury hypha from 5-day infection. X 1,400. 
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sporidia that fell upon the same stoma; the germ tube of one (6) 
entered the guard cell at c, while that of the other (a) grew in through 
the stomata! aperture. The venture was not a success. The stoma 
dosedj pinching the germ tube. The sporidium (a), the germ tube 
{d)j and even the palisade cell (e), which was in contact with the germ 
tube, have died. 

The fungus newly entered in an epidermal cell (pL 1, J, a) is uni- 
eeUular and binucleate. It grows rapidly into a multicellular primary 
hypha. The first septum (pi. 2, A) divides the fungus into two nearly 
equal cells, the one nearest the point of entry (6) being without a 
nucleus, the other (c) being binucleate. 

During the second day after inoculation, the primary hypha grows 
apicaUyrbecoming curled up in the epidermal cell. ^ A second septum 
fpl. h) soon cuts the binucleate cell into uninucleate cells, the 
terminar one of which continues the growth and divides again. 
C shows a. 4-cell primary hypha. Early in this development the 
primary hypha branches.^ In B branches from the second and third 
cells (c, d) have grown down to the inner epidermal wall, and in 
C\ h, c, the two branches have grown on into palisade cells, each taking 
with it the nucleus of the cell from which it grew. In D (from 3-day 
material) the primary hypha (6, c) has given rise to at least 4 branches, 
2 of which have formed large, 2-cell hyphae (d, e) in palisade cells. 
Here the nuclear behavior seerns to have been different from that 
shown in 0, for each cell of the primary hypha still possesses a nucleus, 
except, of course, the first cell (D, 6), w'hich is now much shrunken. 

I’lTien the epidermal cell containing a primary hypha is large, the 
primary hypha may^ continue to grow. In plate 2, E (from a 5-day 
infection), the richly branched primary hypha is made up of 7 or 8 
cells. Sooner or later, however, the primary hypha deteriorates. 
It can rarely be identified with certainty after the ninth day. 

Contrary to what is usually seen in rusts, the mycelium of Puccinia 
fnalracearum is not strictly intercellular. Hyphae grow into and 
through the host cells with comparative freedom. In plate 3, A, 
a branch from a primary hypha entered a palisade cell at a, formed 
there a branching hypha of eight cells, from which at b and d branches 
passed into other palisade cells, while at c a branch grew out into a 
large intercellular space and branched rapidly there. Intracellular 
mycelium is coarser than intercellular mycelium; its cells have about 
twice the diameter of the intercellular growth. Intracellular growth 
permeating several palisade cells is showm in B. One branch from a 
primary^ hypha at a formed a slender intercellular hypha (a, d) , from 
which at c a branch grewr through one palisade cell into a second at b. 
A dozen or more palisade cells may be invaded in this fashion by 
branches from a single primary hypha. In plate 3, C, I?,^and^plate 
4, *1, are shown further examples of the coarse, branching, intra¬ 
cellular Jiyphae in palisade cells. 

This intracellular habit is not limited to the early mycelial develop¬ 
ment. In plate 4, is shown a much-curved branching hypha of 


EXPLAXATORY LEGEND FOR PLATE 3 

.4.—A braacli from a prlmarj’’ lin>La at a gave rise to an intracellular hvpha in a palisade cell with 
^ ^'0 other palisade ee.Hs at b and d, and a branch to intereeilular spaces at c; from 5-day infection. 

B.--Iii£en?ellii!ar niycselinm at g, and at e, and intracellular hypha, 6, c; 3-day infection. X 1,400. 
c, iJ.-'Intraceiliilar hjTpbae In paliaide cells from 6-day infection. X 1,400. 
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5 or 6 cells in a spongy inesopliyll cell, and in (7 a branching hypha in a 
large bundle-sheath cell- Sinular hyphae often are found in the cells 
of the lower epidermis. These intracellular hyphae doubtless serve 
as haustoria in extracting food for the fungus, but they are more than 
haustoria, for they frequently grow through a host cell and out into 
intercellular spaces again. Their effect upon the host cell, too, is 
more severe than that of ordinary haustoria; invaded cells may die 
sooner. 

Some intercellular growth is found between palisade cells near the 
point of entrance (pi. 3, A, c; B, d, e). From here the hyphae spread 
downward. Plate 4, Ej shows a ricnly branching group of inter¬ 
cellular hyphae radiating out into the mesophyll area and entering 
freely the host cells encountered on the way. 

When a sporidium by chance lands on a leaf over a large vein, it 
enters and develops there. Prevented by the vein from direct down¬ 
ward growth, the mycelium spreads in the tissue between the vein 
and the upper surface. Such infections show exceptional intracellular 
growth in the upper epidermis. Plate 4, Z>, represents a bit of such 
epidermal mycelium drawn from a freehand tangential section of 
living material. 

So far as noted, this mycelium, whether intercellular or intra¬ 
cellular, is haploid in character. A terminal cell about to divide may 
be momentarily binucleate, but in general the cells are uninucleate. 

NUCLEAR DIVISION AND NUCLEAR LOCOMOTION 

As a hypha grows apically, the terminal cell elongates, its nucleus 
divides, and a septum divides this binucleate cell into two uninucleate 
cells. Division figures of vegetative nuclei are minute. The little 
that has been learned about mitosis is recorded here: 

Plate 5, A, a, shows a resting nucleus. It is spherical or ellipsoidal 
and contains a large central spherical body. ^ It is not certain whether 
the latter corresponds to the nucleole of higher plants or whether it 
includes chromatin. In addition, a delicately stained network can 
sometimes be seen spreading tlirough the nuclear cavity. ^ In h is 
shown what may be a prophase of division. As no detail can bo 
made out in the irregular, dark-stained little mass, no certain identi¬ 
fication of the stage is possible. In c, is shown what probably is an 
equatorial plate. The figure is too small to permit a count of the 
chromosomes. In reproductive areas of this rust (5), where division 
figures are larger, a count shows that the number is ±5. In d is 
shown an anaphase. Part of the chromosomes have divided and 
passed to the poles; the rest are still near the equator. In the 
chromatin is all at the poles and the two daughter nuclei are con¬ 
nected by a slender strand, which is perhaps the “central spindle. 
In / and g the two small daughter nuclei move toward each other, 
perhaps drawn together by the contraction of the connecting strand. 
No details of septum formation between the two nuclei have been 
Been. 


EXPLANATORY LEGEND FOR PLATE 4 

.1.—Intracellular hypha in palisade cell from 6-day infection. X 1,400, 
iJ.—Intracellular hypha in spongy mesophyll cell; 6-day infection. X 1,400. 

C.—Intracellular hypha in a bundle-sheath cell; 8-day infection. X 1,400. 

n.—Surface view of intracellular mvcelium in upper epidermis from 7-day infection located over a vem 
X 460. 

E.—Intercellular mycelium from 6-day infection. X 1,400. 
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As soon as diAnsion is completed, each of the daughter nuclei moves 
tcnvard the center of its oavh cell. When a hj^pha branches, a nucleus 
moves out into the branch. When an intracellular liypha forms, a 
iiucieus moves into the hypha tlirough the narrow opening in the 
host cell Avail. An older theory assumed that, in this translocation of 
fungus nuclei incidental to vegetative growth, the streaming of the 
cytoplasm carried the nuclei along passWely. A study of nuclei in 
iictively growing areas thi'ows doubt on this assumption. Aloreover, 
duriiig*^ cliploidization fungus nuclei can migrate through liyphae for 
considerable distances. By no stretch of the imagination can this be 
thought of as brought about by cytoplasmic streaming. It must be 
conceded that nuclei possess some form of locomotion. 

Xuclear locomotion has been studied in the actively growing tips 
of liyphae of young haploid vegetative mycelium. Even a casual 
survey shows that nuclei here vary greatly in shape. Drawings were 
made" representing the full range of variation. A study of these 
drawings shows that they can be an-anged in a sec|ueiice that is at 
least suggestive of the mode of locomotion of the fungus nucleus. In 
order to make a beginning at understanding nuclear locomotion, the 
following tentative interpretation is offered. 

Plate's, 5, a to shows a representative series of nuclear shapes. 
The arrows indicate the direction of growth of the hypha, i. e., the 
growing tip of each hypha is at the left of the part drawn. A nucleus 
in repose (a) is spherical or ellipsoidal and is surrounded by undis¬ 
turbed cytoplasm. Conspicuous wntliin the nucleus is a central 
spheiical body, wliich, as noted earlier, may be just a nucleole or 
may include chromatin. In h the nucleole has pushed out a slender 
rod in the direction of the apex of the hypha. This rod stretches the 
nuclear membrane into a short beak. In c, the beak has elongated 
to a fine tapering hah seA^eral times as long as the body of the nucleus. 
The length of tins beak determines the length of the forward stride of 
the nucleus. In d and e, material appears to be flowing out from the 
body of the nucleus into the fine beak. At this stage, the beak is apt 
to be imev’en in diameter, slender in some parts and bulging in others. 
At /, the point of origin of a branch h 3 rpha, a nucleus evidently has 
divided and a septum has formed between the two daughter nuclei. 
The distal daughter nucleus is now moving on toward the apex of the 
parent hypha, Avhile the proximal daughter nucleus is moving out 
into the branch. In g and h, the evacuation of the old nuclear posi¬ 
tion is completed, the space being occupied by a rapidly collapsing 
vacuole, while the elongated rod of nuclear material is contracting 
into a more compact mass in the new location. It may be that i and j 
are later stages in this contraction, while k represents the recon¬ 
structed nucleus. 


EXPLANATORY LEGEND FOR PLATE 5 

. I a to in mitosis In Tegetative byphae from 6-day infection. X 2,200. 

S.—Xneiear shapes, a to k, found in rapidly growing vegetative hyphae, arranged in a sequence which 
suggests mude of niidear locomotion; from frday infection. X 2,200. 

C,—SToaiatal hypha, a, 6, in_iipper epidermis of 7-day infection. X 1,400. 

n.—of lower epidermis of T-day infection with anastomosis, a, and stomatal hvpha, b, X 1,020. 
with conidm in stoma of upper epidermis of H>day infection. X 1,020. 

F. Itongitiidinal seerion of stoma with detached conidium at ce, and voung eonidia on stomatal hvphae 

It b and e; 8-day mfecilon. x 1,400. 

G. —Hyphae in stoim of iipjier epidermis of S-»lay infection with conidium at a. X 1,400. 
if.—Hypriae ia stoma of lower epidermis with conidium at a; 8-day infection. X 1,400. 
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If the nuclear forms shown in plate 5, B, a, h, and c, had been the 
only ones found, it would have been assumed that the long beak in c 
served as a whiplash and that the nucleus swam ahead by something 
akin to ciliary motion. Such a hypothesis, however, takes no account 
of the other nuclear forms. 

These various forms of the nucleus are encountered frequently, 
the majority being represented in every section of an infection. A 
count of 100 nuclei in the grovdng tips of hyphae of a 6-day infection 
and a similar count of 100 nuclei in a T-day"^infection gave the results 
shown in table 1. Nuclei in any stage of mitosis were excluded from 
the count. 

Table 1. —Number of nuclei at each stage of nuclear locomotion a mong nuclei found 
in tips of hyphae 100 nuclei each from a 6-day and a 7-day infection of Puecinia 
malvacearum 





Number of nuclei at indicated stage ^ 



Age of infection (days) 











Total 










1 


a 

b 


d 

€ 



h 

i 

; ! ^ 

! 


0.-. 

44 

7 

4 

0 

4 

1 

0 

8 

3 

1 ; 

11 4 

100 

'.-. 

53 

7 ' 

' i 

3 

10 

S 

i H 

3 


1 ' 

5 1 

100 


i See pi. 5, B, a to k, for stages represented by letters. 


As will be seeiij even in rapidly growing hyphae, about half of the 
nuclei are in repose, while the rest present one or another of the ap¬ 
pearances here interpreted as some stage of locomotion. The stage 
shown in plate 5, 5, c, is probably more abundant than the tabulated 
numbers indicate. The long slender beak is easily overlooked and if 
faintly stained is invisible. 

Early 'workers in rusts saw nuclear figures corresponding to those 
shown in plate 5, B, d, e, and h, and formulated on them the now ob¬ 
solete theory of amitosis of vegetative fungus nuclei. It is a real 
question, however, whether any of these nuclear figures may be stages 
of mitosis. &, supposedly a prophase of division, and 5, j, sup¬ 
posedly a stage of nuclear condensation after a forward stride, arc 
markedly similar. There is much less risk of mistaking any other 
stage of mitosis for a stage of nuclear locomotion. 

SURFACE HYPHAE 

Early in the development of vegetative mycelia, hyphae grow to 
both the upper and the lower surface of the leaf. Hyphae grow into 
stomatal apertures, grow out through epidermal cells and, more rarely, 
force a passageway out between epidermal cells. 

Almost every infection 1 week old has formed stomatal hyphae. 
Plate 5, Cj represents such a hypha emerging through a stoma in the 


EXPLANATORY LEGEND FOR PLATE fi 

n.—Multinucleate hypha, a, in stoma of lower epidermis; 8-day infection, X 1,400. 

B. —Hypha reaching surface between cells of upper epidermis of 9-day infection. X 1,4W. 

C. —Hyphae, a, c, d, growing through cells of upper epidermis to the surface; c and d bearing coni- 
dia; germinating eonidium at b; 7-day infection. X 1,400. 

D. —Conidium at a and growth in epidermal cell at b, connecting with intiaceUular hyphae; 8-day Infec¬ 
tion. X 1,400. 

B.—Nine-day infection. Loose aggregation oi hyphae at a. Both the mycelium and the host ceils 
invaded by it are dead. X 230. 
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opper epidermis of tlie leaf, and D, h, shows an occupied stoma of the 
lower epidermis. The tips of both of these hyphae are dead. Ex¬ 
posed parts of stomata! hyphae are short-lived, for the closing of the 
stoiiia pinches the hypha. The hypha can, however, continue to grow 
out from its base. 

Perhaps successive pinchings as the stoma opens and closes have 
given these stomatal hyphae their moniliform appearance. Another 
possibility is that these emergent hyphae are cutting off successive 
cells in some hitherto unsuspected formation of conidia. Plate o, 
E, F] G, Hj from 8-day infections, also suggests conidial formation. 
In E, several hyphae have grown up through the aperture, forcing the 
stoma wide open. Each bears a terminal knob, or a^ chain of small 
rounded cells. In Fj which shows a longitudinal section of a stoma, 
the stomatal hyphae have pushed out stubby little branches, two of 
wlii(*h, bj c, suggest the formation of conidia. Behuid one of these 
hyphae, at u, is a small disconnected ovoid spore, (j, at a, again 
suggests the formation of little ovoid conidia. They vary somewhat 
in size but are about half the diameter of the sporidia of the rust. 
In JI, showing an oblique section through a stoma of the lower epi¬ 
dermis, there are several stomatal hyphae and, at u, a spore. 

In plate 6, A, from the lower epidermis, the outgrowing hypha, a, 
evidently encountered a shut stoma, continued to grow and spread 
out on the inner face of the stoma, then, when the stoma opened, 
started to grow down through it. This hypha contains several nuclei. 
A search was made for free conidia on the surface of the leaf. Only 
a few have been found but, of course, in fixed material loose celfs 
wash off. 

Karely a mycelial hypha of Puccinia jnalvacearum reaches the sur¬ 
face of the leaf by growing out between ordinary epidermal cells. 
Plate 6, shows such a hypha. 

Because of the exceptional ability of Puccinia malvacearum to grow 
intraeellularly, the hyphae also reach the surface of the host by 
growing out through epidermal cells (pL 6, C), At a, a hypha has 
grown up to the outer wall of the epidermal cell, and at c and d, a 
branching hypha has broken through to the surface. Its shape sug¬ 
gests the fonnation of conidia. At b, is what appears to be a small 
germinating conidium that has entered the host cell. D is more diffi¬ 
cult to interpret.^ At a is an empty little cell on the leaf surface, at b 
a small growth inside the host cell in contact with larger hyphae. 
No connection could be traced between a and b. 

So far as known, Puccinia malvacearum produces no spermogonia. 
The findings recorded above suggest the interesting possibility, how¬ 
ever, that this species is developing an accessory spore form by pro¬ 
ducing little conidia on the scattered hyphae that grow to the surface 
of the leaf. If what has been seen so far is representative, compara¬ 
tively few such conidia are formed. There is always the possibility, 
however, that at a certain age of the fungus, or at a particular time 
of day or night, or under optimum weather conditions, conidia would 
be formed more freely. 

^ Knowing that in some species conidia are formed only during the 
night (#5), material from plants growing out of doors and from leaves 
placed in a damp chamber indoors was fixed at intervals during the 
night. Part of this material was used for freehand sections, and the 
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rest was embedded in paraffin and sectioned. Only an occasional hint 
of spore formation has been found. Data up to the present give little 
encouragement to the idea that conidia are ever formed in abundance. 

ORIGIN OF BINUCLEATE CELLS AND FORMATION OF THE SOROS 

Under the conditions of these experiments, the growing haploid 
mycelium reaches the lower epidermis of the leaf sometime between 
the fifth and the seventh days. By the seventh day the infections 
show a marked difference in development. In some the mycelium is 
spreading vigorously, the marginal hyphae are healthy, and the sorus 
is beginning to form just above the lower epidermis. In others the 
infection is small, the mycelium scanty, the marginal hyphae and the 
host cells invaded by them are dying, and there is no young sorus. 
This difference in development can hardly be explained as due to 
differences in age or vigor of the host leaf or to varying environmental 
conditions, for within a millimeter of one of these dying infections in 
a leaf may be a vigorous mycelium making rapid progress toward 
spore formation. On the eighth day the difference is more pronounced 
and by the ninth day after inoculation some infections are dead and 
others close by are growing rapidly and developing young teliospores. 
Plate 6, E, shows a dead 9-day infection. The fungus had formed a 
loose aggregation of hyphae at a, the place for a sorus, but it failed to 
shape up for spore formation, and now the hyphae are dead and 
shrunken. Soon after this, the mycelium disappears and the dead 
host cells appear clear and empty. 

A detailed study was made of twenty 8-day infections from a 
rather heavily infected leaf. Of these, 16 were growing vigorously 
and 4 were dying. A section-by-section study shows that the four 
small dying infections are monosporidial in origin. ^ Only one primary 
hypha can be found in the upper epidermis adjoining each infection. 
Moreover, these four are still haploid; their cells are uninucleate. ^ Of 
the 16 vigorous infections, 14 have 2 or more primary hyphae fairly 
close together, so that the mycelia developing from them are fully 
confluent and appear macroscopically as 1 infection, and 2 are obvi¬ 
ously double, consisting of 2 tangent infections with only the marginal 
hyphae interlacing. All of the 16 infections have young sori. In 
the case of tangent doubles, the sorus is apt to be started between the 
two infections. If the two infections are so far apart that their 
mycelia do not meet until after several days^ growth, the sorus is 
correspondingly delayed in starting. 

The attempt to make a similar study in 9-day material was only 
partly successful. The proportion of living and dead mycelia is about 
the same. In some cases it is still possible to prove the multisporidial 
origin of the living infections, although primary hyphae have usually 
deteriorated somewhat by the ninth day; it is, however, no longer 
possible to identify the primary hypha m the dead infections. 

In this experiment the monosporidial infections remained small and 
haploid, failed to initiate a sorus, and soon died. It is not prov^, 
of course, that under no circumstances would an isolated monc^porid- 
ial infection develop further. 

A closer examination of the young multisporidial infection shows 
that anastomoses take place between h 3 rphae, both in the vegetative 
mycelium and at the location for the sorus, and that nuclei move 
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tliroiigli from one liyplia to another. Plate 5, D, ^and plate 7 j 
A. Cj D, E, F, from 7-day infections, show connections betw^een 
Wgetative hyphae. In plate 5, D, at n, 2 hyphae growing in opposite 
directions came close to each other and formed a connecting passage¬ 
way, gmng rise to an H-shape figure. In plate 7, A, 2 passageways, 
at h' and b, formed between parallel hyphae, and a nucleus at a is 
passing over from one liypha to the other. That this is a case of 
anastomosis and not ordinary branching is seen by comparison with 
5, in wliich a branch is forming and a nucleus is passing out into the 
branch. In the one figure there are 4 ends; in the other, 3. In C 
the hypha a grew up to and flattened against the hypha b ; an open 
passagew-ay formed, and a nucleus is passing through from b to a. 
In D also,'’two hyphae are tangent and a nucleus is passing through 
from one to the other. In E twm hyphae, a and 6, were growing 
parallel in the same direction when a third hypha, c, grew in and made 
successive connections with both a and b. In F two hyphae became 
closely applied to each other. At a, in one hypha, is a vacuole; at 6, 
in the other bypha, are 2 nuclei. A nucleus may have moved from 
a to &. 

Plate 7^ H; 7, J, from older infections, also show^s fusions in 
vegetative hyphae. Two infections started growth so fp apart that 
they did not meet until they were 8 days old.^ Neither infection had 
initiated a sorus. At 8 days of age a fe^v marginal hyphae of one made 
contact with marginal hyphae of the other. Nearly every one of these 
contacts resulted in a fusion. G is typical of these fusions. The 
tips of these hyphae met and fused, and the nucleus of one hypha 
passed over into the other hypha. H, from another 8-day prepara¬ 
tion, show^s an unusual configuration, in which apparently the whole 
growing tip of one h 3 rpha fused with another. In I the two hyphae 
were growing in opposite directions when they met, and there is an 
aggregation of nuclei near the passagewmy. In J the hypha a has 
contributed its nucleus to b. 

In infections showing these anastomoses and nuclear transfers, 
binucleate cells are soon found. No general diploidization of the 
mycelium takes place. Marginal hyphae, if they are not in actual 
contact with another mycelium, remain haploid. In the central 
area, however, cells with more than one nucleus become fairly com¬ 
mon. Frequent figures, such as plate 7, K (more higlily magnified 
than those preceding), showing nuclear locomotion, and figures such 
as Lj a; A7, a; iV, a, in w^hich only 1 of the 2 nuclei in a cell is dividing, 
suggest that the transferred nuclei and their progeny may become 
distiibiited along a h 3 q)ha by successive divisions and migrations. 


EXPLANATORY LEGEND FOR PLATE 7 

A. —Twoliypl3aeanastomo»fiataand&. Nucleus passing through ate. Seven-day infection. X 1,020. 

B. —Branchlag of hypha, from 7-ciay infection. X 1,020. 

Anastomosis of hyplme, a and 6. with nucleus pacing through; 7-day infection. X 1,020. 
i>.—Anastomosis with nucleus passing through; 7-day infection. X 1,020. 

-Two parallel hyphae, a and 6, with third hypha, c, anastomosing with both; 7-day infection. 
X 1,020. 

F*.-"Anastomosis of two hyphae, with vacuole at a, and two nuclei at b, from 7-day infection. X 1,020. 

Aiastomosls between tij>s of hyphae and transfer of nucleus; 8-day infection. X 1,020. 

H.—lateral union of two hyphae; 8-day infection. X 1,020. 

A-—AMStamosis with aggregation of nuclei; 8-day infection. X 1,020. 

X—Ai»sl0Ba«fe with transfer of nucleiis from a to b; from 12-day infection. X 1,020. 

A'.—Migrating nucteus from 7~day infection. X 2,200. 

A.—Blnutote ceE with only one nucleus, a, dividing; from 7-day infection. X 2,200. 

A|.—-One of two. auciei of a c»li at a dividing; from 7-day infection, x 1,020. 
i\.— One of two auofei at a dividing; from 8-day infection. X 1,020. 
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Plate S, A, represents semidiagranmiatically a typical 8-day multi- 
sporidial infection. The mycelium first invaded a Wmber of palisade 
cells at a and then grew downward. There is very little lateral spread; 
the mycelium remains strictly localized. The young sorus is taking 
shape at 6. The hyphae nearest the lower epidermis, at c, will become 
the buffer cells and are already somewhat impoverished. As a result 
of earlier mycelial fusions, some of the hyphae are already diploid 
when they enter the sporogenous layer. " B and 0 show enlarged 
details in which many of the cells contain more than one nucleus. 
B, a, shows the mycelium above the sporogenous area; b, the sporoge¬ 
nous area; c, the buffer cells; and d, the lower epidermis. 

Other hyphae are haploid when they reach the sporogenous layer 
and fuse there. Plate 8, D to J, show^s details of fusions in the sporoge¬ 
nous area from 8-day infections. In D, two hyphae grew down into 
the sporogenous layer, and their tips met and flattened against each 
other. In the wall between the two is dissolved. In F, two 
hyphae, a and 6, grew down, met, and joined, and the fusion cell 
grew on to c. Figures such as this are common. Sometimes the 
fusions are more irregular. In apparently 3 cells, a, &, and c, 
fused; the combination possesses 4 nuclei. Two hyphae, d and e, 
fused and grew on downward. Whether / represents a cell being 
cut off* or a further fusion is not clear. In H, the hyphae a and b 
were diploid before reaching the sporogenous layer, but 6, none the 
less, has been joined by a third hypha, c. In /, the connections and 
fusions are so complicated that several nuclei occur within the limits 
of the fusion cell. Multinucleate cells in the sporogenous area are 
not rare; J represents an extreme example. 

In 9-day infections (if fusions have not been delayed by too great 
a distance between the component infections) the sorus is larger 
and young teliospores are forming. Hyphae resulting from earlier 
mycelial fusions (pi. 9, A) can form spores directly. In C the one 
terminal cell of the main hypha, 6, will become one spore, w^hile a 
side branch, a, will later give rise to another. 

Fusion cells (pi. 8, F), so abundant in 8-day material, have con¬ 
tinued to grow, giving rise to cells such as that shown in plate 9, 
B, At this stage it still is occasionally possible to trace the early 
history. The two hyphae of plate 9, 5, ct and 6, fused at c and the 
fusion cell grew on to d. Usually the fusion cell contains two nuclei, 
but irregularities are common. Here (5) there are two full-grown 
nuclei plus a pair of small, newly divided nuclei. In D appearances 
suggest that two hyphae, a and 6, met, fused, and then, by adjusted 
divisions and growth, gave rise to two hyphae, c and d, both com¬ 
posed of binucleate cells. 

Soon after this stage the part of the sorus above the spores becomes 
a dense pseudoparenchyma (pi. 9, jF), and it is seldom possible to 


EXPLANATORY LEGEND FOR PLATE 8 

^‘1.—Diagram of S-day fertile infection showing invaded palisade cells at a, sporogenous area at K 
bufi'er cells at c. X IfM). ^ « ,, j 

B. —Detail of S-day fertile infection showing central mycelium, a; sporogenous area, b; buffer cells, t; and 

lower epidermis, d. X 1,020. . ^ 

C. —Detail from 8-day fertile infection showing cells with more than one nucleus in and above tne spo¬ 
rogenous area. X 1,020. . ^ ^. 

D to 1 .—Details from sporogenous area of 8-day infections. D, Two hyphae meeting at tips and about 
to fuse. Et Newly fused hyphae. F, Hyphae a and b fused and the fusion cell grew down to c. G, Hyphae 
a, by Cf fused; d and e fused; / may be a further fusion. H, Hyphae a and b already diploid but 6 is Jomeu 
by c. I. Much-involved fusions, X 1,020. 

J Multinucleate cell at sporogenous area; 8-day infection. X 2,^. 





S12 


Journal of Agricultural Research 


Voi. 51, no. 9 


trace the origin of the spore-bearing cells in this mass of tightly 
interwoven hyphae. E show’s a detail^from a 12-day sorus. As 
new spores continue to form for some time, several stages of spore 
development can be found side by side. The^ appearance of a small 
15-dav open sorus is shown semidiagrammaticahy in F, 

Cytological details of the development of the teliospore, the 
nuclear fusions at maturity^ the germination of the spore, the reduc¬ 
tion divisions, and the formation of the sporidia are presented in 
another paper (5) and are not repeated here. 

DISCUSSION 

It has been assumed that a short-cycle rust without spermogonia, 
like Puceinia malmcearum, is without means of crossing. A closer 
view’ of the situation makes this assumption doubtful. 

Under natural field conditions, the infections of Puceinia malm- 
cearuni on a leaf are not all of the same age. As soon as one in¬ 
fection matures its teliospores germinate (w^eather permitting), and 
continual crops of sporidia are formed and freed. When a sporidium 
drops upon a leaf it is apt to roll down into a furrow". Hollyhock 
and mallow leaves are not smooth; they are rather deeply creased 
and fiirrow’ed at the veins. Sporidia accumulate in these creases 
and can be seen there by dozens. After a few^ hours in damp air, 
the wholesale entrance of these sporidia into epidermal cells can 
be found. The resulting mycelia are crowded and interlace freely. 
Moreover, mallow’ and hollyhock leaves are regularly^ visited by 
small spiders and insects; in fact, it is rare to find an infected leaf 
in the field that is free from such visitors. These help to carry 
sporidia about. 

There are indications, too, that immature infections, too young 
to be bearing teliospores, can produce small conidia on the scattered 
hyphae that reach the surface of the leaf by growing into stomata! 
apertures or growing out through epidermal cells. Only a few 
such conidia have been found. There is, of course, the possibility 
that under the right conditions such spores would be formed in 
greater abundance, but material taken at different times of day 
and night from plants in ordinary air and in damp chambers, lends 
small encouragement to such a belief. There is a little evidence 
that these conidia can germinate and enter the host leaf. 

The formation of even a few such conidia early in the develop¬ 
ment of an individual might be of significance, for they could easily 
be transferred by wind or by insects, and if by chance placed near 
another infection, might grow in and make contact with it. 

Even in a rust without spermogonia, then, there are frequent 
contacts between individuals. The means of crossing exist. 

This formation of a few scattered conidia in Puceinia malvacearum 
that, theoreticaUy at least, could help to replace in function the 
absent spermatia, is not unique among higher fungi. De Bary 


EXPLANAVOEY LEGENn FOE PLATE 9 

A .—wltM trinudmte ce^lis from sporogenoos area of S-day infection. X 

* '^1 ^ ^ nuctor content. From sporogenous area of 

e.—BiploM hyplm brandling. Both o and fe will give rise to teliospores. Nine-day infection. X 1,020. 
n.— Hypm a «d :& tod and then both grew on as diploid hyphae, c and d; 9-day Infection. X 1,020. 
Demil of jnlwttaa with growing teliospore of different ^s. X 1,020. 

Dtofimm of aniail 15-day oiw sorus.. X 100. 
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(i4)j ill 1887, cites several cases of “doubtful spermatia'’ in Asco- 
mycetes, and Backus (IS) has summed up a variety of irregularities 
and doubtful cases reported in recent literature. The ability of 
fungi to produce conidia at unexpected times and places is further 
illustrated by the production in the diplophase of Pholiota (27) of 
several accessory spore forms of a conidial nature. 

In a rust with spermogonia that produce thousands of sperinatia 
in a liquid attractive to insects, there is abundant opportunity for 
the transfer of cells from one infection to another. A subsidiary 
spore form like these conidia, under such conditions, would seem to 
be of less biologic importance to the rust. A hint that such conidia 
may be formed, however, is given by Rice (30)^ who mentions and 
figures, without comment, the occurrence of small “spheres” at¬ 
tached to or lying close to the stomatal hyphae in corn rust. 

Hyphae growing out to the leaf surface in young haploid infections 
of rusts have been known since the days of De Bary P- 278) 
and have been noted frequently since then (i, g, 3, 4, d, 8,10,11, 30). 
The only rust investigated recently in which surface hyphae have not 
been found is flax rust (7). Further studies may bring to light more 
cases in which such surface hyphae function as conidiophores. 

There is evidence that the isolated monosporidial infection of 
Puceinia malvacearum tends to be retarded in development, remains 
minute, and under some conditions, at least, remains haploid and 
dies young without forming a sorus. With the limited data presented 
here, however, it cannot be taken for granted that an isolated infec¬ 
tion never develops a sorus. With other strains of the rust, or other 
hosts, or other culture conditions, it is possible that a sorus could 
be formed in an isolated monosporidial infection.^ Ashworth {12) 
reports that, in 18 out of 1,000 (i. e., 1.8 percent) single-spore inocu¬ 
lations of P. malvacearum, infection took place and sori developed. 
She assumed that infection did not take place in the other 982 
inoculations. So far as stated, however, these were not sectioned, 
and it is possible that many of the inoculations resulted in mmute 
infections that died without becoming large enough to be visible 
macroscopically. It is also possible that, while the 18 inoculations 
resulting in infections with sori were still small, insects transferred 
conidia or sporidia to them. On this basis, P. malvacearum would be 
heterothallic. 

'\^Tien two mycelia of Puceinia malvacearum meet within the leaf, 
anastomoses form freely. Anastomoses between hyphae of the same 
mycelium or of two overlapping mycelia of the same species are 
common in the higher fungi. In species of Hymenomycetes that 
can be grown in Petri dishes, it is comparatively easy to iSnd such 
anastomoses (17). It long has been believed that, in rusts also, 
two mycelia in contact form connections and that nuclei pass through 
these connections, resulting in the diploidization of both components. 
Demonstration of this in rusts is difficult, for hyphae wind about in 
the irregular air spaces of the leaf and in sectioned material appear 
as comparatively short pieces. 

Indirect but none the less conclusive proof of anastomoses in rusts 
is given by Brown (Id). Sporophytic (medial) and haploid mycelia 
of Puceinia helianthi Schw. were grown side by side on the same leaf. 
The diploid mycelium contributed to the haploid mycelium nuclei of 
the kind it lacked and the latter at once developed normal aecia. 




S14 


Jiiiinud of Agrlculfural RescarcJi voi. si, m. n 


lu Puccinia imkactarum, aJiastoiiioses between luycejia are abuu- 
tlant and fairlr conspicuous. When two primary hyphae are close 
together and ihe first mycelial growth is fahiy dense, it is hard to 
trace connections between the two, although the early presence of 
biniieleate cells in such mycelium suggests that cell fusions haye 
occurred. But when 2 mycelia are farther apart and the first con¬ 
tacts are made between scattered marginal hyphae that hare grown 
toward each other from the 2 infections, nearly every meetii^ point 
shows anastomosis. 

The presence of anastomoses is not in itself proof that fertilization 
is takinsT place. Biiller {17) has shown that in Coprinus a number 
of adjoining mycelia may unite into a compound mycelium, forming 
an intimate network vith thousands of connectioiis. This can take 
place equally well whether the species is homothalhc or heterothallic. 
Combining is of advantage in the absorption and transportation of 
food materials for the buuding of a fruit body. Aloreover, this type 
of combination takes place cpiite independently of sex. Buller says 
(17, pp. ISS-ISO): 

From these ol jservatioiis we are justified in concluding that, in Coprinus lagopus 
and siinilar Hyiiieiicimycetes, any two like mycelia or any two unlike mycelia can 
unite with one another to form a com}>ound mycelium and that, in general, any 
one kind of mycelium at one and the same time can combine with any number 
of other myceiia with which it may come into contact, whatever may be their 
sexual condition. [He adds, however]: If two mycelia which do not react sexually 
happen to unite, no association takes place between their nuclei; but, if two 
mycelia of opposite sex happen to unite, then through the openings made by the 
first few liyphal fusions nuclei pass from one mycelium into the other mycelium, 
conjugate pairs of nuclei are soon established in both mycelia, and the mycelial 
haplophase quickly changes into the diplophase. 

In Puccinia malmcearurrij anastomoses between mycelia are ac¬ 
companied by the transfer of nuclei. It is not uncommon to find a 
nucleus in the act of passing through an anastomosis from one hypha 
to the other. Moreover, shortly after these anastomoses and nimlear 
transfers, binucleate cells are to be found in tne mycelium and a 
sorus starts promptly. So far as these details also are concerned, it 
might be supposed that P, malvacearum is heterothallic and that this 
is an ordinary diploidization process. 

One further item should be taken into account, however. In 
heterothallic fungi with 2 sex groups (or compatibility groups, as some 
writers prefer to call them), roughly 50 percent of the matings are 
between individuals of the same group and remain sterile, while the 
other 50 percent are between opposite groups and lead to fertilization 
and the diploid generation. Present data on Puccinia malvacearum 
are too limited to be conclusive, but, so far as they go, they indicate 
that all matings lead to cell fusions and the development of a sorus. 
TMs recalls the 100-percent interfertiiity between geographic” 
strains in certain Hymenomycetes (BS, 25, SI). 

Since rusts are obligate parasites and it is not feasible to subdivide 
infections and plant bits of them in pairs in all possible matings, a 
genetical analysis cannot be made. Without it, no certain conclusions 
can be drawn. 

It is possible to look at the above data from quite a different point 
of view. ^ Suppose for the moment that Puccinia malvacearum is 
homothallic. The young sporidium of P. malvacearum is uninucleate. 
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As tlie spore matures this nucleus regularly divides once. Suppose that 
us the result of this division one daughter nucleus in the spoiidiuiii 
is (+) and the other (—). Reference to plates 1 and 2 show that 
both nuclei of a sporidiiim move into the host and are soon located 
in separate cells of the priinaiy hypha. Each of these cells gives 
rise to uninucleate mycelium. On this assumption every iriono- 
sporidial mycelium would consist of mingled (-p) and (—-) hyphae in 
approximately equal numbers. Suppose further that (—) and (—) 
hyphae grown from the same sporidium react but feebly with each 
other and in man}^ cases no pairing at all takes place and the mycelium 
dies without producing a sorus. In a few there is further develop¬ 
ment and the formation of a sorus. IMien, on the contrary, two of 
these monosporidial infections meet within the leaf, anastomoses 
form, there is an active interchange of (+) and (—) nuclei, and the 
(4-) nuclei of each mycelium meet (—) nuclei of the other. Pairing 
of nuclei and diploidization can now progress rapidly and a sorus 
forms in all cases. Of course this theory has not been and perhaps 
cannot be proved. Its only justification is that it covers the observed 
facts. 

Puccinia malmcearum is a lust with a reduced life cycle, maintaining 
itself by repeating telial generations. At the time when the other 
spore forms were lost from the cycle, survival depended on the imme¬ 
diate development of some substitute method of attaining the binii- 
cleate phase. Sexual reproduction here is reduced to the simplest 
terms. There is a complete absence of sex organs and gametes. As 
in the Hymenomycetes, vegetative hyphae can anastomose and serve 
as the channel for the interchange of nuclei. Reproduction here is 
concerned fundamentally with the pahing of nuclei. Gametes can be 
dispensed with, but the iiTeducible minimum for sexual reproduction 
is the presence of two kinds of nuclei, whether the difference between 
them is labeled a sex factor, compatibility factor, or self-sterility 
factor (5, 19, 20, 21, 22), 

Evidence has accumulated in recent years that the nuclei of liigher 
fungi can migrate freely through a mycelium and even pass tlnough 
anastomoses from one mycelium to another. Buffer (17) has proved 
that nuclei introduced at one point into a haploid mycelimn of 
Cojmnus multiply and become rapidly dispersed throughout the 
whole mycelium. That nuclei of rusts have the same power of loco¬ 
motion is shown by Puccinia sorghi Schw. (S), in winch 24 hours 
after spermatization 60 percent of the cells throughout the mycelium 
contain more than one nucleus. 

The mode of locomotion of a fungus nucleus is unknown. As a 
beginning toward clearing up this obscure point, the different shapes 
of nuclei found in rapidly growing tips of hyphae have been ar¬ 
ranged in a sequence that can be interpreted as stages in the forward 
stride of a nucleus. According to this series, a nucleus pushes out a 
long slender beak, then flows forward into the beak and condenses in 
the new position, leaving a temporary vacuole in the cytoplasm beliind 
it. This is somewhat in the manner of amoeboid motion. The ex¬ 
treme slenderness of the initial beak helps to explain how a nucleus 
could pass through a very fine pore in a septum when moving from 
one cell of a h 3 rplia to the next. Buffer (17) has figured out the rate 
at which Coprinus nuclei travel when diploidizing a haploid mycelium. 
A nucleus at full speed moves ahead a distance equal to its own diam- 
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eter every (i seconds. In Puccinia Malvaceanirn, tlie beak on a. 
nucieiis in iiiotioii becomes about tln^ee times as long as the body of 
the nucleus, and the length of the beak determines the length of the 
forward stride. If a rust nucleus can travel as fast as^a Coprmus 
nucleus, a single stride would take about IS seconds. If one allows 
for a pause between strides (table 1), the advance itself must take 
less than IS seconds. 

In Pmxnnia sorghi, fertilization is followed by wide-spread diploidi- 
zation of the mycelium. In P. malmcearum binucleate cells are found 
principally in the neighborhood of the sonis. The cells of marginal 
tiyphae, e.xcept wdien in direct contact with another mycelium, re- 
liiaiii uninucleate. Correlated with this difference between the two 
species is the fact that one mycelium of P. sorghi produces many 
aecia in successive marginal circles, while P. 7nalracea,rum produces 
on!v one central sorus. 

SUMMARY 

Puccbiia ~malmcearum Bert, is a short-cycle rust of hollyhocks and 
mallows maintaining itself by repeated telial generations. Sper- 
mogonia, aecia, and uredia are imknown. 

Teliospores can germinate as soon as formed, giving rise to a 
promyceiiiim bearing four binucleate sporidia. The sporidia germi¬ 
nate at once and their germ tubes enter the leaf and give rise to 
uninucleate mycelium, which is both intercellular and intracellular. 

Nuclear locomotion incidental to vegetative growth and also the 
longer nuclear migrations during diploidization have been studied. 
In making a forward stride, a nucleus pushes out a long slender beak, 
then flows forward into the beak and condenses in the new position, 
leaving a temporary vacuole in the cytoplasm behind it. 

Hyphae reach both the upper and the lower surface of the host leaf 
by growing into stomata and by growing out through and, more 
rarely, between the other epidermal cells. There is some evidence 
that these surface hyphae produce small ovoid conidia about half the 
size of sporidia. 

The isolated monosporidial infection is retarded in growth and may 
die without developing a sorus. 

Whenever two monosporidial mycelia meet within the leaf anas¬ 
tomoses form and a nuclear interchange takes place, followed by 
localized diploidization and the development of a sorus. Some 
hyphae are already diploid when they reach the sporogenous area of 
the sorus and can give rise directly to teliospores. Others are haploid 
and pair in the sorus before forming teliospores. 
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PHYSIOLOGIC SPECIALIZATION OF MELAMPSORA LINI 
ON LINUM USITATISSIMUM ‘ 


By H. H. Flor = 

Associate -pathologist, Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

Melampsora Uni (Pers.) Lev., the fungus that causes rust of culti¬ 
vated flax, Linum usitatissimurn L., occurs in all the major seed flax- 
and fiber-flax-producing areas of the world. Injury to the seed crop 
results from a reduction in the amount of foliage and from the utili¬ 
zation by the fungus of some of the food of the host plant. In addition 
to interfering with the nonnal photosynthetic metabolism of the host 
plant, rust on fiber flax injures the quality by causing breakage of 
fibers and preventing normal Getting, thus producing what is known 
as “measlyfibers (23).^ Consequently a small amount of infection 
may injure the quality of a fiber-flax crop, while it is only under 
epidemic conditions that the rust may be destructive to seed flax. 
Only occasionally is flax rust very destructive in Minnesota and the 
Dakotas, whei^e most of the domestic flaxseed is grown. However, it 
sometimes occurs in epidemic form in these areas, and Brentzel ^ and 
Hart (9) have reported losses ranging from a trace to 100 percent. 

Measures that have been recommended for the control of flax rust 
include early sowing, thorough cleaning of the seed, crop rotation, use 
of high, weU-drained land, destruction or removal of infected straw, 
and the use of resistant varieties. Henry (10) considered the last- 
named method the most promising and found rust immunity to be 
inherited independently of morphologic type or vilt resistance. 

In a program to develop disease-resistant varieties of crop plants it 
is essential to know whether more than one physiologic foini of the 
pathogen occurs and, if so, the varietal host range, distribution, and 
stability of each form. The object of the investigation herein reported 
was to obtain this information in regard to Meimnpsora Uni. 

HISTORICAL REVIEW 

Persoon (18) described a rust fimgiis on Linum catharticum L. and 

L. usitatissimurn in 1801 and named it Uredo miniata jS linL In 
1847 Leveille (15) transferred it to the genus Melampsora^ calling it 

M, Uni. Buchheim (5) states that Kornicke, in 1865, decided^ that 
the rust on cultivated flax, L. usitatissimu7nj was physiologically 

^ Eeceived for publication July 26, 1935; issued January 1936. Cooperative investigations between 
the North Dakota Agricultural Experiment Station and the Division of Cereal Crops and Diseases, Bureau 
of Plant Industry-j U. S. Department of Agriculture. 

2 The writer is indebted to M. N. Levine, pathologist, H. B. Humphrey, principal patholc^ist, and 
A. G. Johnson, principal pathologist, Division of Cereal Crops and Diseases, Bureau of Plant Industry, 
U. S. Department of Agriculture, for criticism of this manuscript; to A. G. Dillman, associate agronomist, 
Division of Cereal Crops and Diseases, for a tentative classification of the varieties of flax and for supplyinf 
seed; and to H, L. Bolley and T. E. Stoa, of the North Dakota Agricultural Experiment Station, and 
0. C. Allison, of the lUinnesota Agricultural Experiment Station, for supplying flaxseed, 

2 Reference is made by number (italic) to Literature Cited, p. 836. ' ^ , 

* Fromme, F, D. rust caused by MELAMPSORA iiNi (PERs.) DESM. U. S. Dept. AgT., BpT. Plant Indus. 
Plant Disease Bull. Sup. 15: 168-169, illus. 1921. {Mimeographed.] 
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distinct from tliai on L, cathariicum, and called the former M. Uni 
Tar. Uni perdu. Since then the host range of rusts occurring on 
different species of Linum has been studied by a number of investi¬ 
gators. Fiiekel (8), Palm (17), and Buchheini (5) concluded from 
cross-inoculation studies that rust on cultivated flax was physiologi¬ 
cally and, in some casesy morphologically distinct from that on 
certain wild flaxes, Arthur (2), in demonstrating that M Uni was 
eii-autoecioiiSj obtained pycnia and aecia on L. lewisii Pursh and 
L. nsitatissimwii by inoculation vith teliospores produced^ on the 
latter species. Hart (9) was unable, however, to infect L. lewisii with 
urediospores from X. usitatissimum but did secure successful infection 
of X. rigiduin Pursh. Lafferty, Rhynehart, and Pethybiidge (H) 
obtained slight but abnormal infection of X. angustifolium Huds. with 
urediospores from X, usitatisshnum. Henry (ll) found that certain 
strains of X. tmiaUssinium, X. angustifolium, L. usiiatissimum var. 
crepitans Bdnningh., i. rigidum, and X. sulcatum Riddell were com¬ 
pletely susceptible to M. Uni collected on X. usitatissimum, and that 
certain strains of i. usitatissimum and X. angustifolium, as w^ell as all 
tested strains of i. perenne L., X. austriacum L., i. grandiflorum Desf., 
L. flarum L., and X. eatharticum, were immune. 

Hart {9) obtained urediospore collections of Melampsora Uni on 
Linum usitatissimum from a number of localities in the United States 
and Canada but could not demonstrate the occurrence of physiologic 
forms from their reactions on a susceptible and an immune variety of 
cultivated flax. Henry (10) suspected the occurrence of physiologic 
forms of rust on cultivated flax but did not demonstrate their exist¬ 
ence. He found that four strains of flax that had been selected by 
Dorst (7) for their resistance to rust in the Netherlands were uni¬ 
formly susceptible when grown in Minnesota. 

MATERIAL AND METHODS 

RUST COLLECTIONS AND INOCULATION PROCEDURE 

The rust collections used in these studies were made in the field in 
1931, 1932, 1933, and 1934. Because of drought, rust was of little 
economic ^portance during this period in the flaxseed-producing area 
of the United States, but a scattered infection occurred throughout 
Minnesota and the eastern parts of North Dakota and South Dakota. 
The pathogenicity of 99 iiredial collections was studied during these 
4 years. Most of the field collections contained but a few ure^a and 
each collection was increased on a susceptible variety in the green¬ 
house. The urediospores thus obtained ’were collected in glass vials 
and stored at 4® C., at which temperature they retained their viability 
from 2^ to 4 months. Pathogenicity tests were made by inoculating 
approximately twelve 30-day-aId plants of each vaiiety with the 
increased supply of urediospores by dusting the spores froM a camehs- 
liair brash onto the leaves and temiinal bud. The inoculated plants 
were placed in moist chmbem for 24 hours at a temperature of 14° to 
C. and sprayed periodically wdth an atomizer. They w^ere then 
removed to rust' compartments in a greenhouse kept at a temperature 
of approximately 20° C. During the winter months a light day of 16 
hours was maintained by supplementing daylight with artificial 
illumination. Final readings were made 10 to 15 days after inoculation, 
depending on the effect on pustule formation of temperature and 
liffht conditions durine: the period of incubation. 
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DIFFERENTIAL HOSTS 

Although the existence of physiologic forms of Melampsora Uni on 
coimnon flax had been suspected by Henry (10) prior to the present 
studies, it had not been proved nor had suitable differential hosts been 
discovered. The work of pre\dous investigators on physiologic spe¬ 
cialization in the rusts and other fungi had indicated that differential 
hosts most likely would be obtained from resistant varieties and those 
possessing diverse morphologic characters. In trying to discover po¬ 
tential differentials, the reaction of 50 varieties of flax to the 36 rust 
collections made in 1931 and 1932 was studied. These varieties had 
been chosen because they represented diverse morphologic types or 
had been reported as resistant to rust. 

In these tests it was discovered that many varieties reported as 
resistant in field trials showed no resistance in greenhouse inoculation 
tests. Furthermore, the reaction of individual plants of varieties 
possessing some resistance was extremely variable. -Consequently, 
it was necessary to develop lines pure for rust reaction from those 
varieties that gave indications of possessing differential potentialities. 
This was accomplished by plant selection. It was found, for example, 
that two-thirds of the plants of Williston Golden (C. I.^ 25) showed a 
high degree of resistance when inoculated vith form 1, and that the 
remaining third showed extreme susceptibility. All plants of this 
variety were susceptible to form 2. Those plants that showed re¬ 
sistance to form 1 were grown to maturity in the greenhouse, and seed 
from each plant was increased in the field nursery. The progeny of 
each plant selection w^as harvested separately and tested for rust 
reaction to form 1. Many of the progenies thus obtained continued 
to segregate for resistance and susceptibility, but several were found to 
be pure for resistance. One-of the latter was subsequently selected 
as a differential strain for future work. Similarly, it was found that 
90 percent of the plants of Buda (0.1, 270) were resistant to form 1, 
while all plants of this variety were susceptible to form 4. A strain 
of this variety that was pure for resistance to form 1 was developed by 
the method used in obtaining the resistant strain of Williston Golden. 

The reaction of the differential strains of Williston Golden and 
Buda to the 36 collections made in 1931 and 1932 indicated that at 
least 5 physiologic forms of flax rust were present. Monosporous 
iiredial cultures were obtained from each of the 5 forms that appeared 
to be physiologically distinct. In every instance the pathogenicity 
of the monosporous culture was identical vith that of the original col¬ 
lection. The pathogenicity of these 5 monosporously derived forms 
to 115 additional varieties was determined in 1932. By these tests 
and the subsequent increase of certain plant selections, a line pure for 
rust reaction was obtained from each of 12 additional varieties of 
flax possessing differential potentialities. Four of these, Samarkan 
(C. I. 514), Ab^yssinian (C. I. 511), and Akmolinsk (C. I. 515 and 520), 
although varying somewhat in the degree of susceptibility, reacted 
similarly to the different forms. Another strain of Abyssinian (C.1.701) 
was resistant to the same forms as were the varieties mentioned above 
but was also resistant to some of the rust forms to which these varieties 
were susceptible. Selections from Redwing (0. I* 499} possessed 
varying degrees of resistance but reacted in general as^id’the differ¬ 
ential strain from Buda. The selection from the fiber flax, J. W. S. 

« C. 1. refers to accession number of the Division of Cereal Croj^ and Diseases. 
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)C. I. rOS)', was either highh^ resistant or^Yeiy susceptible to the chf- 
fereiit forms. The selection from Argentine (C. I. 705) was particu¬ 
larly sensitive to changes in light conditions. This change in reaction 
was especially noticeable in those forms to which this selection was 
more or less resistant. The number and size of pustules and the 
abimdaiice of spores in the pustules w^ere greater in clear weather than 
in .cloudy weather. However, the change in reaction was not sufficient 
to niillify the value of this variety as a differential. The selections 
from Diadem (C. I. 321), ‘S-^ery pale blue crimped^' (C. I. 647), and 
Williston Brown (C. I. 803), a brown-seeded selection, probably a 
hybrid or a mixture, found in a sample of Williston Golden (C. I. 25), 
were susceptible to most forms of rust but were sufficiently resistant 
to other forms to be of value as differentials. The selection from 
Jveiiya i.Ch 1. 709) was resistant to most forms but semiresistant to 
some. 

HOST KEACTION AND TATES OF INFECTION 

The classes of host reaction and infection types used by Staknian 
and Levine (20) served as a guide for formulating the classification 
iised^ ill these studies. Apparently, flax varieties give more diverse 
manifestations of resistance to rust infection than do wheat varieties, 
and the classification of host reaction was modified accordingly. 
The principal types of reaction of flax varieties to rust infection are 
described below and shown in plate 1. 


C!mm 0/ rencthn Types of rust infection 

Nearly iramuiie -(0) No iiredia developed; hypersensitive flecks or 

necrotic lesions usually present, but sometimes 


thexe is no evidence of infection. 

(Ij Uredia minute to small, rarely extending through 
the leaf, usually distinct and scattered in chlorotic 
to necrotic areas, but in some cases pustule forma¬ 
tion is not accompanied by either chlorosis or 
Resistant-< ^ necrosis of the surrounding leaf tissue. 

(2j Uredia small to medium, associated with distinct 
necrosis of the leaf; may be scattered or may form 
erustlike aggregations iii necrotic areas; if isolated, 
. , V usually are surrounded by a necrotic zone. 

Seinrresistant™-.(3 — ) Uredia variable; heavily inoculated areas necrotic, 

with arrested pustule development; medium to 
large pustules produced in healthy tissue adjacent 
to necrotic areas; pustules on stem and cotyledons 
but with no evidence of hypersensitiveness. 
Aii*derate2,y susceptible. (3) Uredia medium to large; well developed but not 

compound; usually extending through the leaf to 
both surfaces; development somewhat retarded 
in heavily infected portions of the leaves; tissues 
adjacent to uredia may become more or less 
.. , chlorotic as the pustules mature. 

iltghly susceptllile-Uredia large and, if isolated, usually compound, 

extending thrtuigh leaf to liotli surfaces; at first 
leaves show little chlorosis but later may become 
chlorotic and die prematurely. . 

IlimJ and last rules for pustule classificatioix cannot be followed, 
liie LWies O'! infection exhibited by a variety depend upon such 
I actors iigiit intensity, length of dayb temperature, and age and 
Vigor 01 the host plant, as well as upon the pathogenic properties of 
the rust iorin involviyl. ^ All ranges of reaction between immunity 
and complete susceptibility occur, and whether the borderline cases 
lali into one type of host reaction or into another often depends 
upon the arbitrary judgment of the observer 
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There appear to be at least two distinct forms of resistance in flax. 
In some varieties resistance is manifested by a reduction in the size 
of the individual uredia, together with more or less chlorosis, and the 
eventual premature death of the infected areas of the leaf. In other 
varieties resistance is manifested by necrosis of the infected region, 
coupled with more or less repressed pustule formation. Varieties 
with host reactions of type 1 show different degrees of the first form 
of resistance; those with reactions of type 2, different degrees of the 
second form. The extreme cases of both lands of resistance wmuld 
fall in the group having reactions of type 0, in which chlorosis or 
necrosis of the infected portions of the leaves occurs without pustule 
formation. Eeactions of type 1~ include those in w^hich chlorosis 
of the infected leaves occurs but in which the minute uredia do not 
break through the epidermis; reactions of type 1 include those in 
which the small uredia, usually borne in chlorotic areas of the leaves, 
break through the epidermis; and reactions of type 1+ include those 
in which small, erumpent uredia are produced, wfith but slight, if any, 
chlorosis of the surrounding leaf tissue. Reactions of type 2~ are 
characterized by the production of small aggregations of rudimentary 
uredia in necrotic areas of the leaves; those of type 2, by the produc¬ 
tion of small to mid-sized uredia surrounded by a sharp necrotic zone ; 
and those of type 2-}-, by a crustlike structure resulting from the 
aggregation of uredia produced in necrotic areas of the leaf. Each 
form of resistance, as represented by types 1 and 2, covers a range of 
host reaction extending from near immunity to the borderline of 
susceptibility. Consequently, one form parallels the other in degree 
of resistance and neither can be considered, in this respect, subordi¬ 
nate to the other. 

No cases of a truly mesothetic type of rust infection, comparable 
to those occurring in wheat (20), oats {S), and rye (6), were observed 
on flax. However, there were cases on the borderline of resistance 
and susceptibility in which monosporous rust cultures produced 
both necrosis and normal uredia. Since these uredia were well 
developed and not always produced in or surrounded by necrotic 
areas, infections of this type wrere classified as the 3— type and the 
varietal reaction as semiresist ant. 

EXPERIMENTAL RESULTS 

DIFFERENTIATION OF PHYSIOLOGIC FORMS 

Fourteen physiologic forms of Melampsora Uni infecting Linwn 
usiiatissimum have been differentiated by the use of seven varieties 
of cultivated flax. With the study of additional rust collections and 
the discovery and purification of still other differential varieties, it is 
probable that more forms will be distinguished. Tests already 
conducted indicated that additional forms may have been present in 
the 99 rust collections studied. It was thought inadvisable, however, 
to establish new forms based on these minor differences, even though 
they were consistently obtained. 

These 14 physiologic forms have been differentiated by the reaction of 
the selected strain from each of the seven varieties used in theffollowing 
key. The reactions of each of these seven varieties are given in table 1. 
In this table the reactions of two additional varieties also are given 
for additional information and for possible use in differentiating 
forms not yet studied. 

373T■5^—as- & 
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Ivey 

Buda lesistar.t. 

Willistori Golden resistant. 

Ikmoliiisk resistant. 

Williston Brown semiresistant to resistant- iorm 10 

Brown susceptible-Form 1 

Akmcilinsk siisceptil)le. 

J. 'WA S. resistant_Form 5 

J. W. S. susceptible- -- Form 7 

tTillistoii Golden susceptible. ^ 

“Very pale blue crimped” resistant-Form 11 

^^Yery pale blue crimped” susceptible- Form 6 

Buda semiresistant. 

Wllliston Golden resistant- rorm 3 

'Williston Golden susceptible - Form 14 

Bud a susceptible. 

tViiliston Golden resistant. 

Akmoliiisk resistant. 

J. Yu S. resistant. 

Kenya resistant _Form 4 

Kenya semiresistant_ Form 12 

J. Yu S. susceptible_Form 13 

Akmolinsk susceptible- Form 8 

Y^illiston Golden susceptible. 

J. Yu S. resistant _ Form 2 

J. Y'. S. susceptible-- Form 9 


Table 1. — Reactions of pure-line selections from $ differential varieties of Linum 
miiaiusimum to 14 phi(siologic forms of Melampsora Uni as deierjyiined in green¬ 
house tests at FargOj Ak DaAu, 193d ^ 


Type^ of rust infection and reactions of differential hosts 


Fhysiolo,gic 

form 

. 

Buda (C. I. 270) j 

Williston Golden (C. I. 25) 

Williston Brown (C. I. 803) 

Infection type 

Host 

reac¬ 

tion 

Infection type 

Host 

reac¬ 

tion 

Infection type 

Host 

reac¬ 

tion 

Range 

Pre¬ 

domi¬ 

nant 

Range 

Pre¬ 

domi¬ 

nant 

Range 

Pre¬ 

domi¬ 

nant 

,1... 

0 to l-h U- 

1— 

R-f 

0 to 1. 

1 

RA 

3. 

3 

S 


1 tn 2 ' 

3 

S- 

3 to 4_ 

3 

SA 

3- to 3_ 

3 

s 

3-..-.. 


.3- 

SR 

1- to 1_ 

1 

RA 

3-to 3-- 

3 

s 

4. 

3 to 4.. 

3 

S-f 

1“ to 1. 

1 

RA 

3. 

3 

s 

5_ 

Olol” 

0 

1 R-i- 

1 to 1+ - 

lA 

R- 

3 

3 

s 

6.: 

1— tQ 1 

1 

1 R-f i 

3 to 4 

3 

SA 

3 

3 

s 


1 to 

1 

! R+ 

1 - to i.-_- 

1 

} ra 

3-to 3-— 

3- 

s- 

s . 

3. 

3 

S ' 

1 — to 1_ 

1 

1 R+ 

3 __ 

■ 3 

s 

§. .. 

1 14- to 3 

3 

' S— 

lA to 3.-.- 

S 

j S— 

3 . 

3 

s 

m ... 

i oJ . 

' 0 

i I 

0 to 1_ 

0 

I R+ 

j lto3-.„. 

1 2 

SR 

II. 

j 0 to 1— _ 

1 0 

1 R4- 

; 3 to 4 . 

3 

( SA 

1 3. 

; 3 

1 s 

12.... 

‘i lio3. 

1 3 

! s~ 

1 ItolA-.- 

1 

1 R 

1 3.. 

1 3 

; b 

13__ 

1 1+ to 3--.. 

j 3 

i s- 

1 itolA-— 

lA 

i R- 

3,. 

1 3 

; s 

14. 

1 110 3-..,. 

3- 

‘ SR 

! 3. 

1 3 

! S 

13. . 

! 3 

s 


^ Plas and minas signs indicate somewliat greater or lesser amormt of rust than the nearest figure repre- 
seatieg the infeetioa type, and the letters signify the following; R, resistant; S, susceptible; SR, semi- 

resistant; md I, imranne. 


EXPLANATORY LEGEND FOR PLATE i 

L'ifeciion typas produced by Afehmpmra lini on selected i^aneties of cultivated flax, i.inum usiiatissimtim. 

.1, Type 0. No uredia produced, but ehloroiie to necrotic areas formed in inoculated portions of the 
leaves. Ahmoliiisk, C. 1. 515, inoculated with form 4. 

iU nredia formed usually In association with chlorosis of the surrounding leaf tissue, 

u jiliyten Goidec, C. L 25. inoculated with form 1. 

C, Type A >111011 to medium uredia of subnormal development surrounded by sharply defined necrotic 
ureas. ^ « lilision Brown, C. 1. inoculated with form 10. 

J), Type a—. Isijlaled uredia, lar,ge and well developed but not compound, surrounded by a chlorotic 
area winch may oec.'jine neerotie; heavily infected portions of the leaves are chlorotic with arrested uredial 
derelopmeni, ^Bucla, tv I. 270, lUGculoted with form 3. 

E, Type 3. Uredia large and well developed but not compeund: considerable chlorosis in heavOy infected 
areas, but uredial development only slightly retarded, Williston Golden, C. 1.25, inoculated with form 2. 

/»Type 4. Uredia large and, if isolated, compound with but slight chlorosis except in the older infections. 
Biion, L\ 1. 389, iiiocmated wuth form 2. 

A 10 X L5; F, natural size. 























































FOR EXPLANATORY LEGEND SEE OPPOSITE PAGE. 
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Table 1.—Reactions of pure-line selections from 9 differential varieties of Linum 
nsitatisshniim to 14 physiologic forms of Melampsora Uni as determined in green¬ 
house tests at Fargoj N. Dak.y 1935 —Continued. 


Types of rust infection and reactions of differential hosts 


Physiologic 

form 

Akmolinsk (0. T. 515) 

Infection type 

Host 

reac¬ 

tion 


Range 

Pre¬ 

domi¬ 

nant 

1_ 

Oto l-_— 

0 

_f— { —1— [ —j——p 

2_ 

Oto l-_.- 

0 

3.. 

3 to 4_ 

3 

4.. 

Oto 1_ 

1_ 

5... 

3 to 4. 

3 

6__ 

0 to 1. 

1- 


3 to 4. 


8.. 

3 to 4. 

3 

9.. 

0. 

0 

10-.-. 

0. 

1 0 1 

I 

11-.-. 

Oto 1.' 

! 1- ’ 

R-f 

R+ 

I 

12. 

0 to 1“—. 

! 0 

13.- . 

0. 

i 0 

14-._.. 

0. 

1 “ 

I 

1 




J. W. S. (C. I. 70S) 

“Very pale blue crimped’" 
(C, 1. 647) 

Infection type 

Host 

reac¬ 

tion 

Infection type 

Host 

reac¬ 

tion 

Range 

Pre¬ 

domi¬ 

nant 

Range 

i Pre¬ 
domi¬ 
nant 

0-. 

0 

I 

3- to 3-. 

i 

j 3 

S 

0-. 

0 

I 

3- to 3— 

f 3 

S 

0_ 

0 

I 

3- to 3--. 

3 

S 

0_ 

0 

I 

3- TO 3— 

i 3 

S 

0_ 

0 

I 

1 to 3--.. 

1 3- 

SI 

0-. 

0 

I 

3- to 3-.. 

i 3 

s 

3_ 

3 

s 

2 to 3. 

! 3 

s- 

0-.. 

0 

I 

3--. 

^ 3 

s 

3 to 4. 

3 

S-1- 

3. 

i 3 

s 

0.. 

0 

I i 

3- to 3... 

j 3 1 

s 

0..! 

0 ’ 

I i 

i 0. 

! 0 I 

I 

0_ 

0 

I ’ 

I 3— to 3... 

; 3 ! 

s 

3 to 4. 

3 

s+ 

' 3~ to 3,.. 

1 i 

s 

0_ 

0 

! I 

i 2 to 3. 

3 

i s- 




1 

1 



Types of rust infection and reactions of differential hosts 


Physiologic 

form 


1 _. 

2 .. 

3_- 

4-- 

5_- 

6.. 

s"; 

9- . 

10 - 
13. 
12 . 

13. 

14. 


Kenya (C. I. 709) 

Argentine (0.1. 705) 

Abyssinian (G. 1 

701) 

Infection type 

Host 

reac¬ 

tion 

Infection type 

Host 

reac¬ 

tion 

Infection type 

Host 

reac¬ 

tion 

Range 

Pre¬ 

domi¬ 

nant 

Range 

Pre¬ 

domi¬ 

nant 

Range 

Pre¬ 

domi¬ 

nant 

0 to 1. 

1- 

B-h 

1— to 3-- 

2-}- 

SR 

0. 

0 

I 

1 to 2. 

2 

B-h 

2 to 3-.— 

2+ 

SR 

0. 

0 

I 

2-h to 3-„ 

2-h 

SB 

1-to3-- 

2-h 

SR 

1. 

1 

R-h 

2- to 2+.. 

2— 

R 

2 to 3-.— 

2-h 

SR 

0. 

0 

I 

0 to 2. 

0 

R+ 

2 to 3-.... 

2-h 

SR 

1 to 1-h-— 

1 

i R+ 

0 to 

2— 

R 

2 to 3-.— 

2-f 

SR 

0. 

0 

I 

0 to 2-.... 

2 _ 

R-1- 

3- to 3.._. 

3 

S 

1 to 1-h—. 

1 

R+ 

2 to 3--.- 

2+ 

SR 

2 to 3-„-. 

2-h 

SR 

3. 

3 

! S 

2- to 2+- 

o_ 

R 

2-f to 3-.. 

2+ 

SR 

0. 

0 

I 

0 to 1--— 

0 

R4- 

0 to 1. 

0 

R-f 

0.1 

0 

1 I 

o_. 1 

0 

I 

2 to 3—_ 

2-h 

SR ! 


0 

I 

2-1-to 3~..i 

2-i- 

SR 

; 2-h to 

2+ 

SR 

0—. ! 

0 

i I 

2-h to 3-- 

2-k 

SR 

1 2+to3-- 

2-h 

SR 1 

0_ 1 

0 

! 1 

Oto 2-.... 

2_ 

R+ 

1 Oto 2-1-—. 

i 

! ^ 1 

0. -.-J 

1 

0 ' 

1 1 


Description op Forms 


Form 1. —Differential selections of J. W. S. and Abyssinian G. 1. 701 nearly 
immune; Biida, Wiliiston Golden, Akmolinsk, and Kenya highly resistant; 
Argentine C. I. 705 semiresistant; Wiliiston Brown susceptible. Under optimum 
rust conditions, Wiliiston Golden developed infection types 1 to 1 + ; under 
siiboptimuiii conditions it shovred pronounced chlorosis and subsequent necrosis 
of inoculated leaf areas and an occasional pustule of type 1— to 1. Typical 
response of Buda, Akmolinsk, and Kenya, formation of chlorotic to necrotic 
areas with an occasional pustule of type 1—. Response of Argentine G. L 705 
variable; uredia usually aggregated in necrotic areas; under suboptimiim rust 
conditions uredia dry prematurely and spore production is sparse; under opti¬ 
mum rust conditions uredia "well developed and sporulation abundant. 

Form 2, —Buda susceptible; Wiliiston Golden very susceptible, and J. W, S. 
nearly immune. Uredia on Buda medium in size, numerous, sporulation abun¬ 
dant; stems and cotyledons show no resistant reaction; heavily infected leaves 
become chlorotic and prematurely dry. 
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Form J. — Biida semiresistaiit; Williston Golden^highly resistant; Akmolinsk 
very susceptible; Kenya semiresistant. Buda, iiredia type 3— ; variable, heavily 
liiociiiatcd areas necrotic with arrested pustule development, normal iiredia in 
adjacent tissue; iiredia on stem and cotvledons small but otherwise normal. 

Form 4.—Buda verv susceptible; Williston Golden and Akmolinsk highly 
resistant; Kenya resistant; J. W. vS. nearly immune. Infection on Buda normal, 
Iiredia large, rarelv compound, sporulation abundant, but under suboptimmii 
conditioris'Biida less susceptible to form 4 than Akmolinsk to form 3 or Williston 
Golden to form 2. Kenya, heavily inoculated areas chlorotic to necrotic, pustules 
riidiiiientarv. usual!v in necrotic areas at leaf margins. 

Form .5.--Resistance of Buda and Kenya differentiates this form from form 3. 
Williston Golden slightly more susceptible than to form 3; Akmolinsk very 
siisceptifjle; and J. W’. S, nearly immune from both forms. 

Form 6 .—Buda highly resistant; Williston Golden very susceptible. Sus¬ 
ceptibility of the '‘very pale ])hie crimped’" (C. T. 647) differentiates this form from 
form 11. 

Form 7, —Buda, Williston Golden, and Kenya very resistant; Akmolinsk very 
susceptible; and J. W. B. susceptible; Williston Brown semiresistant to moderately 
susceptible, uredia large, fewer than normal, and surrounding tissue dries pre¬ 
maturely. The only form producing a susceptible reaction on Argentine C. I. 705 
under sulioptiinum conditions. 

Form S, —J. W. S. nearly immune; Williston Golden highly resistant; Buda 
susceptible: and Akmolinsk very susceptible. The only form that produces a 
susceptible reaction on Abyssinian C. I. 701. 

Form 9 .—Susceptibility of J. W. S. differentiates this form from form 2; 
Williston Golden appreciably less susceptible than to form 2. 

Form 10 .'—Apparently the least virulent of all forms. Under suboptimum 
conditions Williston Brown resistant; under optimum conditions semiresistant. 
Buda, Williston Golden, Akmolinsk, and Kenya slightly more resistant than to 
form 1; Argentine C. 1. 705 much more resistant. 

Form 11 .—The iminiuiity of the ‘S’ery pale blue crimped’" (C. 1. 647) differ¬ 
entiates this form from form 6. This is" the only form to which this variety is 
highly resistant. 

Fohn 12. —Kenya semiresistant, uredia large, well developed, aggregated in the 
Iieavily inoculated regions that become chlorotic and tend to dry up prematurely; 
Buda susceptible; Williston Golden resistant; Akmolinsk 'highly resistant; 
J. W. S. nearly immune. Differentiated from form 4 by the more susceptible 
reaction of Kenya and the less susceptible reaction of Buda. 

Form 13 ,—Susceptibility of J. W. S. differentiates this form from forms 4 and 12. 

Fonn^ i/f .—Buda semiresistant; Williston Golden susceptible; Akmolinsk, 
J. W. S.. and Abyssinian C. I. 701 nearly immune; Argentine C. I. 705 resist¬ 
ant; and Kenya very resistant. Differentiated from form 2 by semircsistance of 
Buda and the somewhat less susceptibility of Williston Golden. 

GEOGRAPHIC DISTRIBUTION 

The localities from which the 99 rust collections were obtained are 
shown in table 2. More than one form wns obtained from several 
of the collections made in 1934, so that a total of 105 form identifica¬ 
tions were made. The distribution of these forms, according to years 
and States or Provinces in which each w’'as collected, is also shown 
in table 2. 

Physiologic fomis 1 to^ 7, inclusive, w^ere differentiated on the 
reaction of three differential varieties, Buda, Williston Golden, and 
Akmolinsk. Since only the type specimen of each of these 7 forms 
was available for tests with the additional differentials used in the 1934 
tiials, it is possible that some of the earlier form identifications were 
not exact. For instance, fomi 9, which is distinguished from form 2 
by the reaction of J. W . S., would have been classified as form 2 prior 
to the use of J. W. S. as a ^differential in 1934. Likewise, collections 
having pathogenic properties of form 10 would have been classed as 
form 1; and collections hating the reactions of forms 12 and 13, as 
form 4. ^ 



Place collecle<l * Number of Isolates of physiologic form— 
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A miiiiber of physiologic forms of flax rust are widel^r disseminated 
throughout the flaxseed-producing area of Alinnesotaj North Dakota, 
South Dakota, and Alanitoba. Fonns 1, 2, and 4 apparently were 
most prevalent during this 4-year period, but the limited number of 
collections studied scarcely warrants drawing definite conclusions 
concerning the relative prevalence of the different forms. Apparently, 
forms 3 and 5 also were ^vide-spread, as each was secured from several 
mdely separated localities. Form 6 was obtained from only 2 col¬ 
lections, 1 from Fergus Falls, Minn., in 1933, and the other from 
Owatonna, Alinn., in 1934. Only two collections were obtained out¬ 
side the flaxseed-producing area. One of these, collected at Astoria, 
Oreg., yielded form 7 and the other, gathered near Corvallis, Oreg., 
gave form 8. These two forms are very distinct from all those col¬ 
lected in the flaxseed area and also from each other. In 1934, forms 
10,11, and 13 were each obtained but once; form 9, twice; form 12, 4 
times; and form 14, 9 times. Forms 12 and 14 were found in widely 
scattered localities in Minnesota and North Dakota. The latter form 
was obtained from more collections in 1934 than was any other. 

Several forms have been obtained from the same locality, although 
the number of collections made in each has been rather limited. 
Fonns 1, 2, 4, 12, and 14 have been obtained from 11 collections 
made near Fargo, N. Dak.; forms 1, 2, 3, and 4, from 5 collections 
made near Langdon, N. Dak.; forms 2, 4, 5, and 11, fiom 5 collections 
made at Cooncreek (near Anoka), Minn.; and forms 2 and 4, from 3 
collections made at Mandan, N, Dak. 

HOST RANGE AND VARIETAL RESISTANCE 

The results of inoculating 165 varieties of flax with physiologic 
forms 1 to 5, inclusive, are given in table 3. As only 13 of 
the 165 varieties tested gave indications of being rust differentials, 
the reaction of each variety to each form has not been tabulated 
separately. The varieties have been grouped according to the flax 
type to which they belong. The percentages of plants of each variety 
that were immune, resistant, or susceptible are given, as is also the 
general rust reaction of each variety. 

Tablk 3. —Reaction of varieties of Linum ustiatissimum to five forms of Melam.pmra 

Uni 


1 

Group and variety 1 

C. I. 
no. 

Im¬ 

mune 

Resist¬ 

ant 

Suscep¬ 

tible 

Genera! 
rust re¬ 
action 5 

Linum uiMaimmum erepiiam (deliiswnt fiax): 

From Siberia..... 

295 

Percent 

0 

Percent \ Percent 
0 1 100 

S 

Prom Germany..,...... 

496 

0 

0 

100 

s 

From Ukraine..... 

50t1 

0 

0 

100 

s 

Do. 

.507 

0 

0 

100 

s 

L. uAimiM'UW'i {med fiaxi: 

Petals, broad, fiat: 

Abyssinian: 

F. P. I.2 37(»5...,....; 

36 I 

0; 

0 

100 

' s 

F. P. L 5&7S2... 

300 I 

0 ! 

0 

100 

' s 

F. P.L&SrfU..... ■ 

302 : 

3 : 

9 .! 

88 

s 

From E^VDt_ . 

3S0 i 

12 

9 i 

79 

s 

From Ferean-a, S, E. Turkistan...j 

511 1 

0 

56 i 

44 

D 

P. P. Lt»559... „ ! 

701 1 

48 ! 

10 

42 

D 

From Kenya, East Africa. i 

707 i 

0 s 

0 ! 

100 

S 


^ ‘ loiters indicate the various types of rust reaction, as follows; D, differential variety (not reacting 
sinulariy m ml forms_?; I, immune (75 percent or more of the plants immune); M, mixed (less than 75 percent 
falimg Into any 1 class); R. resistant (75 percent or more of the plants resistant): S, suscep- 
tiDie 1^5 percent or more of the plants susceptible). 

2 F. P. 1. refers to accession number of the Division of Plant Exploration and Introduction. 
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Table 3. —Reaction of varieties of Linum usitatissimum to five forms of Melampsora 

Uni —Continued 


Group and variety 

C.L 

no. 

Im¬ 

mune 

Resist¬ 

ant 

Suscep¬ 

tible 

General 
' rust re¬ 
action 

usitatissimum (seed flax)—Continued. 





1 

Petals, broad, flat—Continued. 






American; 






Blue-flowered: 


Percent 

Percent 

Percent 


Bison........ 

389 

0 

0 

100 

S 

Blanc.... 

323-c 

0 

0 

100 


Bolley No. 1823...... 

754 

9 

0 

yi 

s 

Buda_____ ... 

270 

0 

54 

46 

D 

Do...-__ 

326 

0 

0 

100 

s 

Diadem..-.... 

321 

2 

31 

67 

D 

Linota...... . 

244 

0 

0 

100 

8 

Minnesota 24-410...... 

421 

0 

0 

100 

S 

Minnesota 25-202__ 

447 

0 

0 

100 

S 

Minnesota 25-221..... 

423 

0 

0 

100 

s 

Minnesota 25-245.. 

446 

0 

0 

100 

s 

Minnesota 281_____ 

438 

0 

0 

100 

s 

North Dakota Resistant 5____ 

411 

0 

0 

100 

s 

North D akota Resistant 52.. .... 

275 

0 

0 

100 

s 

North Dakota Resistant 114___ 

489 

0 

0 

100 

s 

North Dakota Resistant 714..... 

399 

0 

0 

100 

s 

North Dakota Resistant 726... 

412 

0 

3 

97 

s 

North Dakota 40016..... 

428 

0 

0 

100 

s 

Pale blue.. 

387-1 

0 

0 

100 

s 

Redwing...... 

320 

0 

0 

100 

s 

Do.-. 

458 

0 

2 

98 

s 

Do. 

499 

0 

51 

49 

D 

Slope... 

274 

0 

0 

100 

s 

Walsh... 

645 

85 

15 

0 

I 

Winona.. 

481 

0 

0 

100 

s 

White-flowered: 






Ottawa white-flowered... 

24 

0 

0 

100 

s 

Pink-flowered: 






Bolley Golden.-. 

644 

70 

30 

0 

M 

Bolley No. 1821.... 

751 

100 

0 

0 

1 

Bolley No. 1822.-. 

750: 

100 

0 

0 

1 

Lethbridge Golden.. .. 

23 

5 

i 5 

90 

s 

Long No. 4... 

400 1 

0 

0 

100 

s 

Long No. 66.. 

337 

0 

0 

lOO 

s 

Do. 

719 

0 

0 

100 

1 

Long No. 83. 

354 

0 

0 

100 

1 s 

Pale pink. 

173-1 

1 ^ 

100 

0 

R 

Do. 

173-3 

0 

100 

0 

R 

Do.-.— 

649 

0 

100 

0 

B 

Williston Golden..-. 

25 

0 

56 

44 

D 

Argentine; 






North Dakota 1742. 

342 

97 

0 

3 

I 

Minnesota 25-343.-... 

417 

90 

1 

9 

1 

Minnesota 26-341.. 

462 

100 

0 

0 

1 

Minnesota 25-362...-.-.. 

472 

100 

0 

0 

I 

Minnesota 25-330--- - 

690 

100 

0 

0 

I 

Minnesota 25-361-1..-.. - -. 

691 

100 i 

0 

0 

I 

M innesota 27-379-3..-.. 

692 

100 1 

0 

0 

I 

Minnesota 25-323.... 

705 

88 

12 

0 

D 

Biglow..-... 

414 

97 

0 

3 

I 

Capa._....... 

720 

21 

53 

26 

M 

Do____ 

721 

100 

0 

0 

I 

Do.... 

722 

94 

6 

0 

I 

Kenya....-__ 

700 

96 

4 

0 

I 

Do..... 

709 

80 

18 

2 

D 

Light mauve.-.... 

379-1 

24 

76 

0 

R 

Lino Grande .. . .- 

381-2 

52 

45 

3 

M 

Long No. 6-.. .. 

; 466 

91 

6 

0 

1 

Alalabrigo--- 

346 

96 

4 

0 

I 

Do.-. 

1 696 

100 

0 

0 

I 

Rio.-.... 

1 280 

100 

0 

0 

I 

Rosario.-..... 

316 

3 

97 

0 

R 

Indian: 






Howard and Khan (13): 






var. luteum, type 1____ 


0 

i 0 

100 

S 

var. cyaneviTit type 8......... 


i 0 

0 

100 

s 

var. puTpufeum, type 11_ 


1 5 

0 

95 

s 

var. albiduTfi, type 12______ 


34 

0 

'66 

M 

var. type 15__ . __ _ . _ ___ 


! - 0 

0 

100 

S 

var. agreste, type _-_ . ____ 


0 

0 

100 

s 

Vftf. typft 2.5 


0 

0 

100 

S 

var. pTaiensSf type 28 _ _____ .. _ _ 


0 

0 

100 

S 

var minor, type 29- ___ 


100 

0 

0 

I 

var. pic/cArum, type 34 __ ___ 


100 

0 

0 

I 

var. coTUTUuTie} type 46______ 


lOO 

0 

0 

I 

var. commune, type 48.i 


100 

0 

0 

I 
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Table 3.- 


-Rcaction oftarieties of Linum usitaiissinium to jive forms of Melampsora 
Uni —Continued 


Group and variety 


C. I. j Im- Resist- Suscep- 

no. ! mune ant tible Lril- 
I action 


L. iisUatmlmiim (seed flax)—-Continued. 
Petals broad, flat—Continued. 

Indian—Continued. 

Howard and Kahn (id)—Continued. 

var. cummutiet, type 53.... 

var. commune, type 55_ 

var. campestre, type GS-__ 

var. 'i'afkum, type 121... 

Shaw. Khan, and Alam (W), type 124.. 
Aiediterraiiean: 

Beiadi..... 

Cred;..... 

Cyprus..... 


J Pi rcent Percent Percent 


Aloroeeo..... 37{>-2 ! 

Russian: i 

Akmolinsk. 515 

!>«•.—-.... 520 

Billings. IM 

Crimean.....i 503 

Daiijcmt. . i 3 

Ferqana. 512 

Xewland. 188 

Xortli Ci-iiiitisian.. 020 

Novelty.-... 140 1 

Pale blue... 170 

Samarkand. 514 

Winter: 

lioman winter. 470 

Hybrid: 

Heaerve X Slorye. 480 

Saginaw X Ottawa 770 B. i g75 

Da......1 G7G 

__ j 077 

Winona X Ottawa 770 B. 1 051 

..-...! 652 

po.-..! 653 I 

go...-. 654 

go. 056 

go.-.-. 657 

go..-. 658 

go. 660 

go-.i fi61 ! 

go—.1 602 I 

go...i 664 ' 

go. 671 : 

go.—.; 672 

go.-.i 673 

go.I 6S'2 

g^-.-.1 697 

1)0. t 

La Plata. i s-w 


Long No. 125.356 


Nsartli Dakota 40146... 

'Tasxtmes light blue..,. 

Tammes pale blue.. 

italB, nanow, margins crimpfid' - 

JEiTO-tdiTe iS seed... 

-MinBdsota 25»125. 

A'linnesota 34-39.. 

Aiiaaescta 29-55. 

Alianesota flv-Tf,.... 

Alimiesotii . I..'’ 

Ottawa 770 B.. 

Otta"v.i829C. 


i amcALS eriinped---' 33y ; n j n \ PI ! g 

’•\ery pale blue CTlmpifd''”...| 647; sj 3?! D 

word “crimped”' is here used lo describe the petal margins, which are incurved and somewhat 

J Kipgwat, R. color standards and color nomenclative. 43 pp., iUus. Washington, D. C. 
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Table 3. —Reaction of varieties of Linum usitatissinium to fim forms of Melampsora 

Uni —Continued 


Group and variety 

C. T. 
no. 

Im¬ 

mune 

Resist¬ 

ant 

Suscep¬ 

tible 

General 
rust re¬ 
action 

L. usitatissimum (fiber flax): 

Petals, narrow, margins crimped—Continued. 

Blue-flowered; 

Altbausen___ __ 

628 

Per cent 
0 

Percent 

0 

Percent 

100 

S 

Do. -.-. 

630 


0 

93 

s 

Dalgonetz_____ 

498 

0 

0 

100 

92 

s 

F. I. No. 3.-..... 

694 

6 

s 

J. W. S.,5 F. P. 1. 73560...-.. 

:3S8 

3 

8 

89 

s 

J. W. S...-... 

708 

16 

0 

84 

D 

Peerless_____ . 


1 

0 

99 

s 

Saginaw. .. 

449 


3 

90 

s 

White-flowered: 

Friesland white.._____ .. 

50-1 

0 

0 

lOO 

‘ s 

Minnesota25-64.... ..... 

420 

0 

0 

100 

1 s 

Pinnacle______ 

693 

0 

2 

98 

s 

s 

Saginaw white______ _ 

448 

0 

0 

100 

Tammes white_ . . ___ 

329 

0 

0 

100 

s 

s 

Tammes yellow seed..... 

331 

0 

0 

100 

Pink-flowered: 

Deep pink..... 

648 

0 

0 

100 

s 

Pale pink........ 

479 

0 

0 

100 

s 

Tall pink---..... 

451-3 

0 

1 

99 

s 

Do... 

451-3 

0 

0 

100 

s 

Tammes deep pink..... 

334 

0 

0 

100 

s 

Do. 

336 

0 

0 

100 

s 



s J. W, S. are the initials of J, W. Stewart, the originator of the variety. 


When 75 percent or more of the tested plants in a variety fell into 
a single reaction class^ the variety, if not differential, was thought to 
possess the reaction of that class; when less than 75 percent of the 
tested plants fell into a single reaction class, the variety was considered 
as too heterogeneous to be classified and was termed “mixed.’’ 
Approximately twelve 30-day-old plants of each variety were inocu¬ 
lated with each rust form, and in cases where the classification was in 
doubt the tests were repeated. The percentage figures, therefore, 
are based on the reaction of 60 or more plants. 

The lack of genetic purity of the varieties for rust reaction was one 
of the striking features of this test. Thirty-nine varieties were pure 
for rust immunity, but twenty-two of these were Minnesota hybrids 
that had been selected particularly for this quality. Twenty-two 
additional varieties had from 75 to 99 percent of the plants immune. 
Twenty of these were classed as immune and two as differentials. 
In a majority of the varieties included in this group most of the plants 
lacking immunity were highly resistant. Fifty-three varieties were 
pure for susceptibility. An additional 22 had from 75 to 99 percent 
of their plants susceptible. Nineteen of these were classed as suscep¬ 
tible and three as differentials. Seven varieties were classed as resist¬ 
ant, 3 of which were pure for resistance and 3 showed plants either 
resistant or immune. Fourteen varieties were so heterogeneous that 
they could not be classified as to predominance of reaction, and were 
classed as mixed. Additional differentials might have been obtained 
from this last group, but their reactions to the five forms did not 
indicate them to be such. Thirteen varieties were found to contain 
rust-differentiating strains, and were classed as differential varieties. 

The varieties and strains included in this test do not exhaust the 
possibilities for obtaining immune, resistant, or susceptible lines in 
any of the groups. These varieties were chosen because they were 
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typical of the different groups and of diverse geographical origin or 
because they possessed eonunereial possibilities^ and they probably 
are representative of their respective groups in regard to rust reaction. 
The dehiscent flaxes, Linuni usitafissimum var. crepitans, were pure 
for rust susceptibility. Tins was the only major group in which 
all varieties and strains were consistently pure for one type of rust 
reaction. The American blue-flowered and white-flowered seed flaxes 
and the white-flowered and pink-flowered fiber flaxes were predomi¬ 
nantly susceptible, but some varieties in both of these groups possessed 
plants that were either resistant or immune. The Abyssinian va¬ 
rieties and the blue-flowered fiber flaxes also were predominantly 
susceptible, but most of the varieties in these groups were mixtures 
ill which some plants were either resistant or imnaune. The Saginaw 
Ottawa 770 B hybrids were pure for immunity. The Winona X 
Ottawa 770 B hybrids and the Mediterranean and Argentine varieties 
were predominantly immune, but a number of varieties in these 
groups possessed plants the reactions of which ranged from com¬ 
plete immunity to extreme susceptibility. The other hybrids and 
the Kiissian varieties were heterogeneous in reaction, most varieties 
in these two groups having plants falling into all three rust-reaction 
categories. Varieties \vith. petal margins crimped were relatively 
pure for rust reaction. 

STABILITY OF PHYSIOLOGIC FORMS 

Physiologic forms 1 to 4 of Melampsora Uni have been in culture 
for approximately 4 years and have passed through 20 to 30 uredio- 
spore generations. In none of these forms nor in any of the others 
that have been studied has there been any indication of a change in 
pathogenicitv. 

DISCUSSION 

The effect of the discovery of physiologic forms of Melampsora Uni 
on measures to control this rust through the development and use of 
resistant varieties is, of course, problematical. Thus far, 14 physio¬ 
logic forms have been distinguished by the reaction of seven differen¬ 
tial hosts. It seems probable that more forms will be isolated when 
additional differentials are discovered and w^hen more rust collections 
are studied. Allen (1) has shown that M. lini is heterothallic. The 
importance of this phenomenon in the origin of new forms of flax 
rust is not yet known. However, it has been demonstrated {16, SS) 
that the aecial stage on the barberry is a fertile field for the develop¬ 
ment of ne'w ^physiologic forms of Puccinia grarnbiis fritici Eriks, 
and Henn. Since the process of aecial formation in the twn rusts is 
comparable, there is no reason to believe that new^ forms of ildf. Uni 
may not originate in the aecial stage on flax. The destruction of the 
common barberry, the aecial host of P. graminis Pers., would effec- 
tiyely^' prevent the production of new forms of P. graminis by hy¬ 
bridization. if. Uni, however, is a eu-autoecious rust, and therefore 
to preclude the opportunity for the development of new" rust forms 
Aittongh hybridization would necessitate the complete destruction of all 
'rusted portions of flax plants from previous crops, an impracticable 
task. 
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Although^ Melampsora lini appears to be highly specialized, not 
only on various other species of Linum (5, 8, 9^ 17), but, as has been 
demonstrated by the present tests, on L. usiiatissmim, and although 
it possesses abimdant opportunities for hybridization and the subse¬ 
quent development of new form.s, the prospects of rust control through 
the development of resistant varieties appear to be bright. The 165 
varieties of flax showed smprisingly little specific response to fiv6 
forms of flax rust. This is the more remarkable when it is considered 
that these 165 varieties represented the fruit of a systematic effort to 
obtain diverse types of L, usitatissimum from all parts of the world. 
Of the 165 varieties, 152 gave no indication of possessing rust-differ¬ 
entiating potentialities. Sixty-one varieties were predominantly 
immune from all five forms vith which they were tested. vSince these 
immune varieties comprised a number of flax t^’-pes, and since Henry 
{10) has shown that immunity from flax rust is transferred inde¬ 
pendently of wilt resistance or morphologic type, there should be no 
lack of immune breeding material. 

The breeding program, already in progress, for the development of 
rust-resistant varieties of flax, appears to rest on a sound basis. 
Hemy {10) found Ottawa 770 B and certain strains of Williston 
Golden and Argentine to be immune from rust . In the present inves¬ 
tigations, certain forms of rust were found to attack all strains of 
Williston Golden, but Ottawa 770 B and certain Argentine selections 
have been consistently imniime. Henr}^ used only the latter two as 
rust immune parents in his breeding work, and most of the Min¬ 
nesota selections that have been derived from these crosses were 
immune from the five forms of rust with which they were tested. 
Thus far, there has been no evidence of the existence of a form of 
flax rust capable of attacking Ottawa 770 B, certain Argentine 
selections or varieties possessing similar factors for resistance. 
Nevertheless, it would be desirable to subject these immune varieties 
to rust collections from other parts of the world to determine whether 
forms capable of attacking them exist. Staknian, Levine, and 
Bailey {21) found Wliite Tartar oats resistant to all forms of Puccinia 
graminis arenae Eriks, and Henn. collected in North America, but 
susceptible to forms of this rust obtained from Sweden and South 
Africa. If forms of Melampsora lini capable of attacking the immune 
flax varieties of the Lmted States exist in other parts of the world, 
measures should be taken to assure their exclusion from this coimtry, 
since it has been demonstrated that teliospores on bits of straw and 
chaff that are often present with the seed are carriers of flax rust {10), 

The heterogeneous rust reaction of so many of the varieties was 
surprising. Apparently natural hybridization plays a more important 
role than has sometimes been supposed (4) or else the nursery tech¬ 
nique is at fault. It appears more probable that the former is the 
case. Henry and Tu {12) found, under conditions at St. Paul, Minn., 
that natural crossing between varieties in adjacent row's or even in 
rows several feet apart •was too important a factor to be neglected. 
Apparently, this condition prevails in other localities, since 70 of the 
165 varieties studied gave heterogeneous rust reaction. Bagging of 
individual plants and isolation of the separate varieties in the field 
may be necessary in order to insure the maintenance of varietal 
purity. It is possible that a test to determine rust reaction, made in 
conjunction with the certification of rust-resistant varieties, would 
om TnofArfftllv m maintaining varietal purity. 
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SUMMARY 

Strains of Biida (C. I. 270), WUliston Golden (C. I. 25), Williston 
Brown (C. I. 803), Akniolinsk (C. I. 515), J. W. S. (C. I. 708), Kenya 
(C. I, 709), ^‘Tory pale blue criniped” (C. I. 647), Argentine (C. I. 
705\, and Abyssinian (C. 1. 701) have^been selected as differential 
varieties for tlie identification of physiologic forms of Melam-psora 
Uni (Pers.) Lev. on Linum mitaiissirnum h. 

From 99 collections of Melampsora Uni made in the United States 
and Canada, 14 physiologic forms have been distinguished by the 
reaction of the differential varieties named above. 

Several forms of the rust were found to be widely distributed in 
Minnesota, North Dakota, South Dakota, Oregon, and Manitoba. 
In several localities more than one form was found. 

In the 4-3^ear period covered by these investigations four rust forms 
have passed through 20 to 30^ urediospore generations without any 
apparent change in pathogenicity. 

Pathogenicity tests indicated that as a rule flax varieties are not 
specific in their reaction to the different forms of rust. Of 165 varieties 
tested, only 13 gave differential reactions to five forms. 

Pathogenicity tests showed that many varieties were not pure 
lines in respect to rust reaction. Lines pure for this characteristic have 
been readily obtained by a process of plant selection. 
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INTRACAPSULARY BOLLS IN ASIATIC COTTON' 


By R. E. Beckett 

Principal scientific aid^ Division of Cotton and Other Fiber Crops and Diseases 
Bureau of Plant Industry, United States Department of Agriculture 

INTRODUCTION 

The presence of an abnormal growth in cotton bolls, which was 
interpreted as a formation of supernumerary carpels, was reported 
by Meade ^ in 1913 and described as follows: 

In its simplest form the abnormality consisted of a solid, elongated, whitish 
body, developed in the center of the boll betw^een the placentae. In many 
instances, however, this body was divided into from two to five longitudinal 
compartments, resembling miniature locks, which inclosed rudimentary ovules. 
In some cases it extended nearly the entire length of the boll, but was always 
unattached except at the base. 

One upla i cotton boll was observed by Meade at Clarksville, 
Tex., in v .ch tliis abnormal growth was sufficiently developed to 
form a small rudimentary boll containing two apparently mature 
seeds.^ 

At the United States Acclimatization Garden, Bard, Calif., in 
1932 and 1933, numerous rudimentary bolls were observed in the 
bolls of a strain of Gossypium herhaceum L. introduced from Tashkent, 
Uzbek, Union of Soviet Socialist Kepublics. These rudimentary 
bolls are described in the present paper. No observations were made 
of the bolls produced by this strain of cotton prior to 1932, but simple 
forms of the abnormal growth were present in a few of the boUs saved 
for herbarium specimens during 1930 and 1931. Simple forms of this 
abnormality were also observed in the bolls of two other strains of 
<?. herhaceum and in a few bolls of G. davidsoni Kellogg grown in the 
same field in 1932. Numerous bolls were examined in 1932 and 1933 
of other strains of 6 , herhaceum ^ G. hirsutum L., G, barbadense L., 
(?. flanking Meyen, G. neglectum Tod., and several other species of 
cotton, but no indication of this abnormal growth was observed. 
However, simple forms of tliis abnormality have been observed 
frequently in varieties of upland cotton in other localities and in a 
few bolls of G, barbadense at Glendale, Calif.- 

The term ^^supernumerary carpelsdoes not adequately describe 
this abnormal growth when it reaches such a stage of development 
that small rudimentary bolls are formed. Therefore, in this paper 
the term “supernumerary carpels’^ has been applied to the simple 
forms of this growth (fig. 1, A), and the term ^Tntracapsulary 
bolls’^ has been used in cases where the growth was sufiiciently 
developed to form small rudimentary bolls (fig. 1, C). 

J Eeceived for publication July 1, 1935; i^ued January 1936. 

2 Meade, E. N. supernumerary carpels in cotton bolls. U. S. Dept. Agr., Bur. Plant Indus. 
Circ. Ill: 25-28, illus. 1913. 

3 A study of supernumerary carpels, in relation to the general morphology of the cotton boll, has been 
made by W. W. Ballard, of the Bureau of Plant Industry. (Unpublished data.) 
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DESCRIPTION OF INTRACAPSULARY BOLLS 

Fourteen intracapsiilary bolls were found on the five plants of 
Gossyphm herhaceum gro^ng at Bard, Calif., in 1932, and all closely 
resembled in color and structure the normal bolls in which they w'ere 
produced. The outer tissue was rather thin but was dotted with 
numerous oil glands. Some of the intracapsulary bolls were of normal 
shape, but others were somewhat lop-sided from being pressed against 
the placentae of the bolls in which they w’ere produced. They ap¬ 
peared, from the outer surface, to be dmded into 2, 3, or 4 carpels, 
but when broken were found to consist of only a single carpel con¬ 
taining from 1 to 3 mature seeds. The placentae were not sufficiently 
developed to form separate carpels, and the seeds were attached 
near the base of the bolls. In a few cases a very slender structure 
was obseiwed to extend upward from the apex of the intracapsulary 
bolls; tills probably had the function of a style and conducted the 
pollen to the ovules. 

The seeds, which were slightly rounder and in some instances 
larger than those produced in the normal bolls, were covered with 
the usual coating of short fuzz, and all but two had lint that ranged 
from 12 to 24 mm in length. Ten of the nineteen seeds that developed 
in tlie intracapsulary bolls germinated wffien planted in 1933 and 
produced normal healthy plants. In addition to the seeds, a number 
of rudimentary ovules were developed in the intracapsulary bohs and 
supernumerary carpels. 

The size of bolls, number of seeds per boll, number of boll divisions, 
and the length and quality of lint in the intracapsulary bolls and in 
normal bolls are given in table 1. Figure 1 shows the various stages 
of development in the bolls. 


Table 1. —Size of bolls^ number of seeds 'per holl^ number of boll divisions^ and 
length and quality of lint in intracapsulary bolls and in normal bolls of Gossypium 
herbaceum at Bard, Calif., 1932 
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Figceb 2.—Bolls of Gossfpmm herhaeeum with seed cotton removed, showing {A) detached, and {B 
attached^ intracapsiiiary bolls, (C) supernumerary carpels, and (D) normal bolls. 
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Figure 2 shows bolls with seed cotton removed. As viewed from 
outside, 4 of the intracapsulary bolls appeared to be divided into 2 
carpels, 5 into 3 carpels, and 5 into 4 carpels. Ten bolls contained 
1 matoe seed each, 3 contained 2 seeds each, and 1 had 3 seeds. On 
the 17 seeds that produced lint, the shortest lint was 12 mm and the 
longest 24 mm. The smallest intracapsulary boll was 6 mm in diam¬ 
eter and 9 mm in length, and the largest was 14 mm in diameter and 
17 mm in length. The normal bolls of this strain have from 3 to 5 
carpels and produce 18 to 30 seeds with lint averaging 25 mm in 
length. The normal bolls average 27 mm in diameter and 25 mm in 
length. It will be noted from these measurements that the normal 
bolls are broader than long, w^hereas 11 of the 14 intracapsulary bolls 
were longer than they were broad. This was probably due to the 
fact that the intracapsulary bolls could develop more easily along 
the placentae of the bolls that contained them than they could 
expand against the placentae. The placentae in some of the bolls 
were pressed back, forming a crescent or half circle, by the develop¬ 
ment of the intracapsulary bolls. 

OBSEEVATIONS IN 1933 

Observations were made in 1933 with the strain of Gassypium 
herbaceum from Tashkent to ascertain (1) what effect seasonal changes 
have on the development of supernumerary carpels and intracapsulary 
bolls, (2) whether the frequency of supernumerary carpels and intra¬ 
capsulary bolls changes as acclimatization proceeds, and (3) whether 
the abnormal growth character is hereditary. For these observations 
the 1932 plants were ratooned in the spring of 1933, and additional 
plantings were made on April 13 with original seed from Tashkent 
and -with seed acclimatized 1, 2, and 3 years at Bard. A planting with 
seed acclimatized 2 yearn at Bard was also made at the United States 
Acclimatization Field Station, State College, N. Mex."^ 

The seed acclimatized 1 year was produced during 1930, and the 
seed acclimatized 2 years w'as produced during 1931 from the 1930 
seed growm at Bard. The planting made in 1933 with these two 
seed stocks w^as from random samples. The seed acclimatized 3 years 
was produced in 1932 from the seed grown at Bard in 1930 and 1931, 
and the seed used in the 1933 planting was from the intracapsulary 
bolls produced in 1932, 

EFFECTS OF SEASONAL CFVNGES AND ACCLIMATIZATION 

The seed planted April 13, 1933, germinated readily and the seed¬ 
lings made rapid growth. The plants began flowering in June and con¬ 
tinued until October. The first bolls matured in August and the last 
in November. The 1932 plants were ratooned in March4933 and by 
May had begun flowering, which continued until October. The first 
bolls on these plants matured in July and the last in November. 

In order to determine the effect of seasonal changes on the pres¬ 
ence and development of the abnormal growth character, the period 
during which the bolls matured was divided into four 30-day periods. 
During the fiist period, July 4 to August 3, the ratooned plants 
matured 261 bolls, of which 50, or 19.15 percent, contained super¬ 
numerary carpels. No bolls were matured during this period by the 


* Planting was made and data were collected by A. R. Leding, cbief scientific aid- 
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l)kints of the 1933 planting. During the second period, August 4 to 
September 3. supernumerary carpels were present in 36 percent of the 
bolis matured on the ratooned plants and in 42.1.42.7, 42.2, and 41.2 
percent <4 the bolls matured on the plants grown in 1933 from the 
orisrina! imported seed and from seed representmg 1, 2, and 3 years of 
acdimatization. respectively. Not only did the percentages of bolls 
containiiur supernumerary carpels increase during the third and fourth 
periods, from September 4 to October 4 and from October 5 to Novem¬ 
ber 4, l>ut the abnormal growth was considerably more developed, a 
total of 130 intracapsnlary bolls being produced. These data (table 2) 
were reconh'd collectively for all plants of each seed stock, but no 
plants wei-e observed that did not produce a fairly high percentage of 
such ho!!>. 


Table 2.— Ejhcu 0/ .seuaonal changes and acclimatization on number of bolls 
emitiirdhij HUpfrnumemrg carpels and iutracapsulanj bolls at Bard, Calif., 1933 


.‘8ee<l stock 


Year i 
' planted; 


iXurnbef- 
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C’nioii of .Soviet Socialist : P 1932 
Jiepublles. 1! 

Do., iy:i3 

1- year aeellmat ized seed.. 

2- year acclimatized seetl..' 

3- year acclimatizef.! seed.. i 1U33 
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i 
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50 
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0 
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19.15 

lAug. 4-Sept. 3.: 

211 1 

76 ! 

0 

36.0 

jSept. 4-Oet. 4.; 

18S ! 

131 1 

10 

75.0 

; lOct. 5-Xov. 4_: 

8G 

69 1 

9 

90.6 

lAug. 4-Sept. 3.i 

i' Sept. 4-Oct. 4.' 

! iOct. 5-Nov. 4.i 

76 

1 32 

0 

42.1 

125 

90 

8 

78.4 

107 

! 81 

1 13 

87.9 

, jAug. 4-Sept. 3_i 

i 173 

! 74 

i 0 

42.7 

!• Sept. 4-Oct. 4_I 

, 265 

1 205 

15 

83.1 

' lOct. 5~Nov. 4. 

! 422 

323 

41 

86.3 

' jAug. 4-Sept. 3. 

! 64 

1 27 

0 

42.2 

Sept. 4-Oct. 4_ 

1 lOct. 5-Nov. 4. 

j 84 

66 

5 

SDS 

1 99 

76 

11 

87.9 

jAug. 4-Sept. 3_ 

83 

36 

0 

41.2 

j - Sept. 4-Oct. 4. 

i [Oct. 5-Nov. 4_ 

i 

53 

5 

81.7 

189 

1 ns 

1 

s.. 


J The 1932 piants were ratooned in the spring of 1933. 

The increase in the number of supernimierary carpels as the season 
advaneed^ and the development of the extreme intracapsnlary boll 
stage during the latter part of the season indicate that differences in 
conditions during the season influence this abnormal development. 

Data collected on the seven plants observed at State College, 
N. Mex., ill 1933 showed that of a total of 340 bolls which matured 
172 contained supermimerarj carpels and 3 contained intracapsnlary 
bolis with one mature seed each. The percentage of bolls conta-ining 
supernumerary carpels and intracapsnlary bolls for these seven plants 
varied from 28.5 to 65.8 percent, with a mean of 51.5 percent. 

No difference was noted in the degree of development of the super¬ 
numerary^ carpels and intracapsulary bolls produced by the plants 
grown from the original seed stock and from seed representing 1, 2, 
and 3 years acclimatization at Bard, nor were there any significant 
differences in the percentages of bolls that contained this abnormal 
growth. 
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The number of intracapsulary bolls having 2, 3, or 4 boll divisions 
and the number having 1, 2, or 3 mature seeds are given in table 3. 


Table 3. —Number of intracapsulary bolls with 2y 3j or 1^. divisions and number of 
these bolls containing 2, or 3 mature seeds^ Bard, Calif., 1933 


Seed stock 

Year of 
plant¬ 
ing 

Intracapsulary bolls with indicated number of-— 

Boll divisions | Seeds per boll 

o 

3 
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1 

2 
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3 

13 

3 

15 
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0 

Do....... 

1933 

6 

13 

2 

19 

2 

0 

1-year acclimatized seed... 

1933 

14 

38 

4 

49 

& 

1 

2-year acclimatized seed...... 

1933 

3 

12 

1 

14 

2 

0 

3-year acclimatized seed.... 

1933 

4 

I " 

3; 

^ I 

14 i 

' 3 
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1 The 1932 plants were ratooned in the spring of 1933. 


HEREDITARY CHARACTER 

The observations made at Bard, Calif., and at State College, N. 
Mex., indicate that in the strain of Gossypium herbaceurn from Tash¬ 
kent abnormal boll growth is a hereditary character, but apparently 
it is of such a nature that its expressions are largely influenced by 
environmental conditions. The effect of environment is shown by 
the increase in the percentage of bolls that produced supernumerary 
carpels and the development of intracapsulary bolls as the season 
advanced. 

SUMMARY 

The presence of supernumerary carpels in cotton bolls is not an 
uncommon abnormality in most types and strains of cultivated cot¬ 
tons. Usually the growth is limited to a wdiite slender body extending 
through the center of the boll from the base almost to the apex. 
However, at Bard, Calif., in 1932 and 1933, this abnormal growth 
was observed in various degrees of development in a large proportion 
of the bolls of a strain of Gossypium herbaceurn introduced from 
Tashkent, Uzbek, Union of Soviet Socialist Republics. In some 
of the bolls the growth was developed to the extent of forming small 
intracapsulary bolls containing from 1 to 3 mature seeds which were 
covered with lint of fair quality. 

These intracapsulary bolls closely resembled the bolls in which they 
were contained in appearance, color, and shape. As viewed from 
outside they appeared to be divided into 2 to 4 carpels, but the 
placentae were not sufficiently developed to form separate carpels. 

The abnormal boll growth observed in this strain of Gossypium 
herbaceurn appears to be a hereditary character, but of such a nature 
that its expression is largely influenced by environmental conditions. 
The enviroimiental effects are shown by the increase in the percentage 
of bolls containing supernumerary carpels and in the development of 
intracapsulary bolls as the season advanced. 









A METHOD FOR ESTIMATING THE VOLATILE SULPHUR 
CONTENT AND PUNGENCY OF ONIONS ^ 

By Hans Platenius 

Research instructor, Department of Vegetable Crops, New York {Cornell) Agricultural 

Experiment Station 

INTRODUCTION 

In studying the eifect of various ecological conditions on the pun¬ 
gency of onions it became necessary to develop a method by means 
of which pungency could be measured more accurately than can be 
done by the ordinary tasting test. 

It is generally^ known that onions and other members of the genus 
Allium owe their pungency and particular taste to an essential oil 
that is specific for each species. The volatile oil of Allium cepa L. 
was first investigated by Semmler ^ in 1892. He demonstrated the 
extremely high degree of pungency by showing that this oil occurs in 
onions in a concentration of only about 0.005 percent. After dis¬ 
tilling 5,000 kg of onions he was able to obtain only 233 g of the crude 
oil. Determining some of the physical constants and the chemical 
composition of the^ crude oil, Semmler showed that the principal 
constituent of the oil is aUyl-propyl-disulphide 

CsH.-S 

C 3 H 5 -S. 

The crude oil was found to contain 43.37 percent of sulphur, while 
the sulphur content of pure allyl-propyl-disulphide is 43.26 percent. 
Although Semmler studied some of the chemical properties of onion 
oil he did not develop any analytical procedure by which the oil could 
be measured quantitatively in different lots of onions. 

DEVELOPMENT OF THE METHOD 

A relatively simple method for determining the volatile sulphur in 
plants was proposed by Peterson.^ According to this method a 
stream of air is passed through a wide U tube containing the plant 
tissue and heated to 100 ^ C. The volatile sulphur is carried away by 
the air stream and is absorbed in a tube containing copper oxide 
filings which are thus reduced to copper sulphate. After the copper 
sulphate crystals have been dissolved the sulphate is determined by 
precipitation wdth barium chloride. ' 

In order to test the dependability of tliis method tw'O lots of 500 g 
of finely cut onion tissue were dried in a ventilated oven at 60^ and 
at 100 *^ C, for 24 hours. The dried residue was then hydrolyzed and 
the amount of volatile sulphur which remained w^as determined by 

i Keceived for publication July 25, 1935; issued January 1936. Contribution 130 from Department 
of Vegetable Crops, New York (Cornell) Agricultural Experiment Station. 

a Semmler, P. W. Das aetherische oel der Kuechenzwiebel (allium cepa l.). Arch, d®* rhsm. 
1^0: 443-448. 1892. 

s Peterson, W. H. forms of sulfur in plant materuls and their variation with the soil supply. 
Jour. Amer. Ohem. Soc. 36:1^0-1300. 1914. 


Journal of Agricultural Eeseareb, 
W^hington, D. C. 


( 847 ) 


Vol. 51, no. 9 
Nov. 1, 1935 

Key no. N. Y. (Comell)"3l 




Journal of Agricultural Research 


Vol. 51, no. 9 


S48 


the distillation method described later. It was found that heating 
at 60° had removed only 77,7 percent of the volatile sulphur oiiginally 
present, and that heating at 100° had removed 88.3 percent. Wliile 
this method may give dependable results_ with other plant tissues 
which are relatively low in volatile sulphur, it is obvious that it cannot 
be used to measure the pungency of onions. 

Realizing the close chemical relationship between onion oil and 
mustard oil, the writer next investigated a method proposed by 
Dircks.^ and improved by Scldicht ® which has become a standard 
method for the determination of mustard oil in rapeseed cakes. In 
this procedure the oil is first liberated from th’e glucoside by acid 
hydi-olysis, then distilled into a solution of alkaline permanganate 
which readily oxidizes the sulphides of the oil to sulphate. The ex¬ 
cess of permanganate is destroyed by the addition of alcohol, the 
precipitate of manganese dioxide is filtered off, and the sulphate is 
precipitated from the clear, acidified filtrate with barium chloride. 



In applying this method to Rie determination of volatile sulphur in 
onions it was found that, while the results were satisfactory it proper 
precautions were taken, it was difficult to remove all traces of the 
manganffie dioxide precipitate from the filtrate and also to prevent 
partial reduction of the sulphate after the addition of alcohol. 

In an attempt to eliminate some of the diflBculties encountered in 
using this method, several other oxidizing agents were tried, and 
finally it was found that when the onion oil is distilled directly into 
saturated bromine water the sulphides present are rapidly oxidized 
to sulphate. The excess of bromine is easily driven off by heating, 
the small sulphur-free residue is filtered off, and the sulphate is pre¬ 
cipitated from the filtrate with barium chloride. As compared with 
the permanganate method this procedure not only gave more accurate 
results but also required considerably less time. The details of this 
method are as follows: 

.^elect a representative sample of at least 20 onions. Take one- 
fourth or one-half of each bulb and slice these sections into sHces not 

^ DIBCES, V. IjBEE pas VOKKOMMEN PER MVBONSAUBE UND DIE BESTIMMUNG DES DABAUS GEBILDETEN 
SENFSlS in pen SAMIN DEE CKUCIFEREN TND ENT DEN dELKCCHEN. LandW. VerS. Sta. 28: [179]~200. 1883. 

5 SCHLICHT, A. EIN BEITBAG ZUE BEURTEILUNQ DEB BAPSEUCHEN NACH IHREM SENESlGEHALT. Landw. 
Vers. sta. 41:1175H§0, illos. 
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thicker than one-half centimeter. Mix the material and weigh out 
exactly 500 g. Transfer the sliced material to a 2-liter, round-bot¬ 
tom, short-neck flask (fig, 1, n). Add 1^ cc of concentrated hydro- 
cliloric acid and 250 cc of water. Submerge the flask in an oil bath 
to the level of the onion mixture and connect with a straight-tube 
condenser. To the lower end of the condenser attach a delivery 
tube which reaches to the bottom of a 1-liter, round-bottom flask 
(6) containing 5 cc of bromine and 5 cc of water. An outlet tube 
from the receiving flask leads to a trap (c) and from there to a flask 
(d) containing dilute sodium hydroxide to absorb bromine fumes 
wdiich may be driven off during heating. 

Heat the oil bath until it has reached a temperature of 122° to 
124° C. Maintain at this temperature for 3 hours. During this 
period distillation should proceed very slowly and about 200 cc of the 
distillate should collect in the receiving flask h. At the end of 3 
hours remove flask a containing the onion mixture from the oil bath; 
cool, and add 500 cc of water and 300 g of sodium chloride. ^Vliile 
rotating the flask Hgorously, add slowly, not more than 10 cc at a 
time, enough 50-percent sodium hydroxide almost to neutrahze the 
mixture (about 95 cc) using litmus paper as^ an indicator. Again 
connect the flask“To the condenser, heat the oil bath to 135°, main¬ 
tain at this’ temperature for 1 hour, then raise the temperature to 
145° and distill until 800 cc have collected in the receiving flask. 
Rinse the condenser and the delivery tube, stopper the receiving 
flask, and allow it to stand overnight. Add a few glass beads and heat 
very slowly on a Kjeldalil digestion rack or under a hood until all 
the bromine has been driven off. Transfer the distillate to a 1-liter 
beaker and evaporate on a steam bath to a volume of about 300 cc, 
or until the solution has become clear. Filter, wash the filter paper, 
and add 10 cc of bromine water to the filtrate. Heat on a hot plate 
or steam bath to drive off the excess of bromine and evaporate to a 
volume of about 300 cc. While still hot add, drop by drop, stirring 
vigorously, 10 cc of a 10-percent solution of barium chloride. Com 
tinue heating for 10 minutes. Cool, allow to stand overhight, filter 
through aslfless filter paper, and wash the precipitate until free from 
chlorides. Ignite the precipitate and filter and weigh as barium 
sulphate. Make a blank determination if the reagents contain an 
appreciable amount of sulphur. 

Precautions: All rubber tubing and stoppers used in the distilling 
apparatus should first be boiled in dilute alkali and then washed 
thoroughly to remove any adherent sulphur bloom. It is preferable 
to make connections by means of interchangeable ground-glass joints. 
This is almost essential for the connection between the delivery tube 
and the receiving flask (6). Where connections are made with rubber 
tubing the glass tubes should fit together as closely as possible to 
expose only a minimum of rubber to the bi'omine. Rubber stoppers 
can be protected effectively by a coat of acid-resistant stopcock 
grease. ... ■ ■ 

A second outlet from the distilling flask (a) provided with a stop¬ 
cock is useful in preventing possible sucking back of the dfetEMte 
when the boiling flask is cooled. 
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EXPERIMENTAL RESULTS 

III tlie following experiments, which were carried out in order to 
study the effect of iiiodifving certain details of the procedure it was 
neeekary to exclude the factor of individual variability of the sample. 
This was done conveniently by slicing 12 or more bulbs, thoroughly 
mixing the material, and weighing out 2 or 3 aliquots of 500 g each 
whicirwere analyzed by slightly different methods. 

EFFECT OF HYDROLYSIS ON THE YIELD OF VOLATILE SULPHUR 

At the outset of the experiment it was noticed that the distillation 
of onion oil proceeds extremely slowly unless the heated material is 
first hydrolyzed with dilute hydrochloric acid. This suggests strongly 
that onion oil, like mustard oil, occurs in the bulb in the form of a 
gliicoside which has to undergo hydrolysis before the oil can be dis¬ 
tilled off. Table 1 shows that if hydrolysis is carried out by heating 
500 g of sliced onions with 100 cc of concentrated hydrochloric acid 
and 250 cc of water, hydrolysis is complete within 3 hours. Where 
the hydrolysis was omitted prior to distillation the amount of sulphur 
in the first SOO cc of the distillate was reduced to less than one-fifth. 
On the other hand, extending the period of hydrolysis to 6 hours 
failed to give a higher yield of sulphur than was obtained after 3 hours 
hydrolysis. 

Table 1. —Eject of hydrolysis on the yield of volatile sulphur 


Sulphur in first 800 cc of distillate from 
500 g of onions after— 


Sample ; 

No 

hydrolysis 

3-hour 

hydrolysis 

6-hour 

hydrolysis 

A.... . .1 

Milligram 

7.9 

MUligram 

56.1 

Milligram 

56.3 

B......! 

9.3 

56.5 

55. S 


EFFECT OF HYDROGEN-ION CONCENTRATION ON THE YIELD OF SULPHUR IN 

THE DISTILLATE 

Before the hydrolyzed oil can be distilled it is necessary partly to 
iieiitralize the mixture in order to prevent the distillation of appreci¬ 
able cpiaiitities of hydrochloric acid which may later interfere with 
the proper precipitation of the sulphate. However, since protein 
sulphur is readily hydrolyzed in alkaline solution it is important to 
keep the mixture faintly acid. Table 2 shows that distillation from 
a neutral and^ an acid solution gave practically identical results, 
whereas the yield of sulphur was increased appreciably when the 
disrillatioii was carried out from an alkaline solution. 
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Table 2. —Effect of hydrogen-ion concentration on the yield of sulphur in the first 
800 cc of the distillate from 500 g of onions 


Sample 

Sulphur when approximate pH of mix¬ 
ture at the beginning of distillation was— 

1.3 

6.5 

11.1 

A.-...-. 

Milligrams 
38.1 

Milligrams 

38.2 

Milligrams 

47.3 

B .-.-.. 

58.4 

58.2 

63.5 



RATE OF DISTILLATION OF VOLATILE SULPHUR 

The volatile sulphur is separated from the onion mixture by means 
of steam distillation. This process is usually slow, and in order to 
hasten the rate of distillation the boiling temperature of the onion 
mixture was raised by the addition of 300 g of sodium chloride. The 
temperature of the oil bath was maintained at 145® C.; a higher tem¬ 
perature did not seem advisable since Semmler ® found that onion 
oil decomposes at a temperature of 160®. In order to determine 
how much of the distillate should be collected to recover all of the 
volatile oil present, each 250 cc was collected separately during a few 
experiments. 

Table 3 shows that the distillation of the sulphur is still incomplete 
after 1,500 cc of the liquid has been distilled. However, the quantity 
of sulphur in the distillate becomes very small after 750 or 1,000 cc 
has been distilled. Nevertheless, when it is desired to determine the 
actual amount of volatile sulphur it would be necessary to collect 
2,000 cc or more of the distillate. On the other hand, when only 
comparative values are sought it seems hardly worth while to distill 
such a large amount, especially since the rate of distillation appears 
to be fairly uniform for different samples of onions. The vuiter in 
his experiments arbitrarily chose 800 cc as the quantity of distillate 
which was to be collected for the determination of relative pungency 
in onions. 


Table 3. —Rale of distillation of the volatile sulphur 


Successive fractions 
of 250 cc 

1 

Sulphur in succes¬ 
sive fractions of 
the distillate 

1 

j Successive fractions 

1 of 250 cc 

Sulphur in succes¬ 
sive fractions of 
the distillate 

Sample E 

! 

Sample F ! 

Sample E 

Sample P 

First. : 

Second. i 

Third--. 1 

Milli¬ 
grams 
64.34 
7.52 
i 2.57 

! 

Milli¬ 

grams 

50.06 

4.56 

1.44 

Fourth... 

Fifth—..i 

Sixth..-..' 

Milli¬ 

grams 

1.21 

.70 

i .54 

i : 

Miiti- 

grams 

0.65 

.40 

.36 


i 


PRECISION OF THE METHOD AND VARIABILITY OF THE SAMPLE 

To obtain some idea concerning the precision of the method, as 
well as the variabEity of the sample which may be expected, a com- 
mercial lot of Yellow Bermuda onions was divided into 5 groups, each 
containing 10 bulbs. Each group was prepared for analysis separately, 

« Sbmmler, F. W. See footnote 2, 
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and after slicing and mixing liad been completed, these lots were 
di\T.ded again into 2 separate samples of 500 g each, designated as 
A and B (table 4). Differences between the analyses of A and B 
illustrate the precision of the method while the successive numbers of 
the samples signify the variability of the samples. 


Table 4. — Volatile sulphur determinatmis on 5 sarnples of the same lot of Yellow 
Bermuda onions illustrating precision of the method and variahility of the sample 


Item 

Sample 1 ! Sample 2 

Sample 3 

Sample 4 

Sample 5 

Aver¬ 

age 

Ali¬ 
quot A 

Ali- ! Ali- Ali¬ 
quot B|quot Ajquot B 

Ali¬ 
quot A 

Ali¬ 
quot B 

Ali¬ 
quot A 

Ali¬ 
quot B 

Ali¬ 
quot A 

Ali¬ 
quot B 

Sulphur...! 

P.p.m. 
110 1 

108 116 

Prp.m. 

117 



P.p.m. 

1 U5 

1 i 

P.p.m. 

116 

1 

P.p.m. 

119 

i 

P.p.m. 
122 ! 

1 

114.3 


Table 4 shows that in every case the error due to the variability 
of the sample was greater than the experimental error. Unless a 
greater uniformity of the sample can be assured it seems advisable 
to take a larger number of bulbs, perhaps 20 or 25, iii order to obtain 
more accurate results. At any rate, it appears doubtful whether 
differences of less than 10 parts per million are significant. It must 
be realized, however, that differences in the content of volatile sulphur 
between samples from several varieties were as a rule very much 
greater. Wliile some samples contained as little as 28 parts per 
million others yielded as high as 200 parts per million. 


DISCUSSION 

The proposed method for estimating the relative pungency of 
onions is based on the assumption that the onion oil has a definite 
composition and that differences in the pungency of onions are due 
solely to quantitative differences in the percentage of oil present. 
This assumption seems justified since Semmler found that the onion 
oil consists almost entirely of allyl-propyl-disulpliide, a definite 
chemical conipoimd. Furthermore, the -writer and Knott ^ found 
that wherever differences in pungency could be detected by the 
tasting test they were associated with corresponding differences in 
the content of volatile sulphur. 

As previously shown, during the distillation of volatile sulphur, 
more than 1,500 cc of the liquid must be distilled before all traces 
of voi^tUes sulphur are removed from the onion mixture. It will be 
noticed in table 3, however, that after the first 1,000 cc have been 
distfiled the quantity of sulphur in the subsequent portions of the 
distillate rapidly approaches a constant value, which in comparison 
with the total amount present is exceedingly small. It seems possible 
that these last traces of volatile sulphur are not derived from onion 
ou but are due to a second reaction, possibly a very slow decomposi¬ 
tion of protein sulphur. At least, the trend of the distillation curve 
su^ests this explanation. 

joie principal advantage of the proposed method is that in studying 
the factom determining the pungency of onions results can be expressed 

pl'Ngency of onions in eelation to variety and ecological 
riciw^. Hart. Sci. Proc. (1934) 32: 593-596. 1935. ' 






Not. 1 , 1935 MethodJor Estimating Sulphur Content oj Onions 


853 


in numerical values wliicli make it possible to compare onions of 
different varieties or bulbs grovm under different ecological condi¬ 
tions. Preliminary experiments indicate that the same methodj 
with slight modifications can be used to determine the pungency 
and the volatile sulphur content of garlic, cabbage, and possibly other 
vegetables which owe their specific taste to some volatile oil con¬ 
taining sulphur. 

Wliile the method itself is relatively simple it is time-consuming 
because of the slow process of steam distillation. Therefore it cannot 
be recommended as a routine method where large numbers of samples 
are involved. 

SUMMARY 

A new and relatively simple method is described for estimating 
the volatile sulphur content and pungency of onions. This method 
is based on the assumption that onion oil has a definite chemical 
composition, and that differences in the pungency of onions are due 
solely to quantitative differences in the amount of oil present and, 
indirectly, to the volatile sulphur content. The method possesses 
sufficient accuracy for the purpose, but since it involves steam dis¬ 
tillation it is time-consuming and cannot be recommended as routine 
procedure when a large number of samples is involved. 
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HISTOLOGY OF THE CARYOPSIS OF YELLOW DENT 
CORN, WITH REFERENCE TO RESISTANCE AND SUS¬ 
CEPTIBILITY TO KERNEL ROTS ‘ 

By Helen Johann - 

Associate pathologist, Dimsion of Cereal Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

Inasniiicli as the kernel of corn {Zea mays L.) is susceptible to a 
number of ear rot organisms, it has seemed advisable to obtain a 
picture of the Iiistologv of the normal spikelet and kernel as a basis 
for the study of various phases of the disease problem. This paper, 
therefore, outlines briefly the development and the microscopic 
anatomy of the caryopsis of dent corn and is concerned primarily 
with those structures that may have a bearing on the problem of host 
resistance or susceptibility to fungus diseases in general and to in¬ 
vasion by Diplodia zeae "(Schw.) Lev. in particular. 

MATERIAL AND METHODS 


The hand-pollinated yellow dent corn used in this study was ob¬ 
tained from the plots of the departments of plant pathology and 
genetics at the Univei'sity of Wisconsin and from J. R. Holbert, of 
Bloomington, Ill. Kernels both from strains that had shown them¬ 
selves over a period of years to be resistant to ear rots in the field 
and from those that under comparable conditions had proved sus¬ 
ceptible were collected during the summers of 1930 to 1933, inclusive. 
The first collections were made 2 days after pollination. Specimens 
were taken at intervals of from 2 to 7 days during the earlier periods 
of development of the kernel, killed in medium chromo-acetic solu¬ 
tion, formol acetic alcohol, or Gilson’s or duel’s zinc chloride fixative, 
and embedded in paraffin by the alcohol-chloroform method.® Be¬ 
fore fixation, the healthy mature kernels were soaked in water over¬ 
night, and when softened the sides or distal ends of the kernels were 
trimmed so as to expose portions of the starchy endosperm to facilitate 
the penetration of the various fluids. 

A simple method of overcoming the difficulty usually experienced 
in sectioning kernels approaching maturity is to soak the embedded 
material in water for from a few hours to overnight, after having 
trimmed the paraffin block in such a manner as to expose the tissue 


1 Received for publication Feb. 14,1935; issued February 1936. Cooperative investigations by the Bureau 
of Plant Industry, XJ. S. Bepartment of Agriculture, and the Wisconsin Agricultural Experiment Station. 

2 Tbe writer gratefully aCTfiowIedges her indebtedness to J. R. Holbert, M. R. Harris, and A. L. Smith 
for supplying material from toeir corn plots at Bloomington, HI., and Madison, Wis.; to Boyd C. Frye for 
his painstaking collecting of specimens at stated intervals at Bloomington, Ill.; and to Eugene H. Heirlmg, 
of the Department of Plant Pathology, University of Wisconsin, for all the photography involved in the 
problem. Thanks are also due J. G. Dickson for helpful suggestions during preparation of the manuscript. 

3 The material embedded during the four seasons included specimens from inbred strains A, A4S, A9, 
A956, Brio, R4, R313, L, and Lan; single crosses nos. 365,48, and 58; and top crosses Krug X A4S and Krug X 
X^an. 
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Figuke l.—The pistillate spikelet. 
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on tlie side to be cut. Seldom, however, can an entire kernel be 
successfully sectioned at one time, hence intermittent soaking and 
cutting are usually necessary. The sections were cut to a thickness 
of SjjL to 10/i. This method provided better sections than were obtained 
by the use of a inulrofliioric acid treatment as recommended for 
wheat kernels in an earlier paper (7).^ 

The principal stains used were Flemming’s triple combination or 
safraiiine and light green following either chromo-acetic or formol 
acetic alcohol fixative in the case of healthy kernels, and Delafield’s 
haematoxylin, safraiiine, and orange G after Gilson’s or JiieFs fixative 
when dealing witli infected kernels. Sudan III served to indicate 
the presence of suberized membranes. In case of a positive reaction 
to this stain, insolubility of the parts in question in 72~percent H 2 SO 4 
was considered additional evidence of the presence of suberiiilike 
substances. 

The illustrations presented are umntouched photographs and 
photomicrographs. 

HISTOLOGY OF CORN KERNEL 

PISTILLATE SPIKELET 

It is well known that the pistillate spikelet of dent corn consists 
of two flowers, the basal of wliich is usually rudimentary and non- 
functionah The aborted fiower contains a rudimentary pistil and 
three rudimentary stamens enclosed by two thin folded glumes, the 
palet and lemma. In the fertile flo^ver there are rudimentary stamens 
and a functional ovary, also encircled by palet and lemma, the whole 
being surrounded by the heavier outer glumes (fig. 1 , H, If D). 
These glumes constitute the chaff of the cob and mature grain. 

At flowering time, the ovary wall is composed of a number of rows 
of thin-walled cells containing considerable starch, an outer epidermal 
layer, and a somewhat thinner-walled inner epidermis. Two strands 
from the vascular elements of the pedicel traverse the wall on the 
germinal side of the ovaiy and pass into the two lobes of the style. 
In the style there is also a group of nonvascular cells that parallels 
each vascular bundle on its inner side. At the top of the ovary these 
groups of cells leave their positions along the vascular bundles, cross 
the ovary wall, and terminate on its inner surface near the top of the 
ovular cavity (fig. 2 , A, B), providing a pathway along which the 
pollen tube travels to tixe cavity of the ovary. Miller (d, p. B5S) 
speaks of them as “sheathlikecells and Randolph (S) finds an 
explanation for their presence in the manner in which the three 
caipels have become fused to form the compound pistil. She con¬ 
siders the strands to be composed largely of epidermal cells. The 

^ Keferenee is iuad« by number (italic) to Literature Cited, p, S82. 


EXPLANATOEY LEGEND FOR FIGURE 1 

.1, Longitudinal section of spikelet, fixed 2 days after pollination: /, Ovary of fertile fiower encircled by 
palet ip) and lemma (1): <i, aborted flower enclosed by palet (p') and lemma (D; o, outer glumes. Stained 
with triple stain. X E, Cross section through a spikelet at the level of the aborted flower shown in 
.1, a. The outer glume subtending the aborted flower has been removed. Spikelet fixed 7 days after 
pollination: o, Outer glume; /, lemma of fertile flower; I', lemma of aborted flower; a and n\ rudimentary 
anthers of fertile and aborted flowers. Stained with triple stain. X 10. C, Portion of a cross section 
of a spikelet, fixed 2 days after pollination, showing ihe structure of the outer glume (ot and the structure 
and folding of the inner glumes (i). Stained wdth triple stain. X 54. A Portion of a cross section of 
an outer glume, fixed 27 days after pollination. The walls of the cells beyond the vascular elements 
have become much thickened; those within the line of bundles have collapsed, leaving the vascular 
elements in a position near the inner margin of the glume. Stained with triple staiu. X 130. 




Fkiuee 2.—Sections from tfie top of the ovary. A, A portion of a loagitudinal section of an ovary, fi-xed 
2 days after pollination. The ovary wall is cut in a plane that includes parts of the stylar canal and of 
the group of “sheatblike'*' «!ls, along which the pollen tube travels to the cavity of the ovary, and one 
of the two vascular strands that extend into the silk, sf, Stylar canal; s, sheathlike cells; vascular 
elements; c, coae-sha'pwi thickening of the outer integument at the base of the stylar canal; i, inner integu¬ 
ment; a, nuc®llus. Stained with safranine and light green. X 120. B, Portion of a cross section of the 
ovary, showing the relative positions of the vascular elements and the sheathlike cells in the ovary wall 
war the base of the style: r. Vascular elements; sheathiike cells. Stained with triple stain. X 70. 

' 5?, Betai! of the cone-shaped folding of the outer integument at the base of the stylar canal. This section 
Is from the ©'Vary shown in A; e, i, and n as in vi. Stained with safranine and light green. X 450. 
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PiGUBE E.—Longitudinal sections of ovaries, fixed 2 days after pollination, yl, Section cut parallel to the 
germinal side of the ovary; oi, outer integument, showing the cone-shaped protuberance that projects 
into the depression of the stylar canal; li, inner integument; w, wall of ovary; «, nucellus; c, chalaza. 
Stained with triple stain. X 50. .B, Near-longitudinal section cut approximately at right angles to 
ii, inner integument; oi, outer integument; e, embryo sac; m, micaropyle; r, vascular elements. Stained 
with safranine and light green. X 42. 



FitluEE 4.—Cross seetidns from a single ovary, showing the extent of the outer integument and the exposed 
surface of the inner integument at four different levels. At Near the top of|the ovary; B, at the equator; 
C, through the antipodal cells of the embryo sac; D, in the region of the fertilized egg cell of, Ends of 
outer mtegmnant; li, surface of inner integument not covered by outer integument. Stained with triple 
stain. X 35. 

inner integument especially becomes somewhat club-shaped in section. 
I^eather the integuments nor the nucellus contain any starch, though 
at the stage of development shown in figures 3 and 4 the cells of the 
ovary wall and the pedicel of the floret possess an abundance of that 
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food material (figs. 6, B, and 15, .rl). Tiie inner integnnient covers 
tlie free surface of the ovule completely with, the exception of the 
micropylar orifice and iisualh" is in contact vith the epidermis of the 



Figure 5.—Cross section of an ovary, showing the tissues in the region of the embryo sac, n, Ovary fixed 
2 days after pollination, showing, in the absence of a funiculus, the similarity at that stage of development 
between the nucellar cells and the placenta! tissue of the ovary wall; c, cbalaza; pi, placental tissue; w , 
wall of ovary; n, micellus; li, inner integument; of, outer integument. Stained with triple stain. X 42. 
B, Detail of A In the region of the embryo sac, showing the extent of the outer integument in this ovary; 
U, inner integument; oi, outer integument; e, embryo sac; n, nucellus; eic, inner epidermis of the ovary 
wall (w). X 205. 

nucellus. The outer integument, which originates alongside of the 
inner integument, occupies a parallel position throughout its extent 
except for a cone-shaped folding which projects into the depression 
of the so-called ^^stvlar canaP^ at the distal end of the ovary (figs. 
2 , (7; 3, A 5). 
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Coneemiag tlie extent of the outer integument, several writers have 
sliOVTLi considerable unaniniity of opinion. True {10^ p. 215) states 
that ^'Tlie outer integument is incomplete, failing to cover an area 
extending from the micropyle to the base of the style, in length, and 
in wicltli' equal to about one-half the diameter of the oviile/^ 
Weatlierwax (if, p. 491) says: “The one part of the outer integument 
seldom grows further than the top of the ovary, where it forms a 
folded or wedge-shaped body closing the stylar canaL'^ Miller (d, 
}}, 25S) states that “the outer coat of the ovule is incomplete and 
extends about half way around it”, and Haddad (3, p. 7) is of the 
opinion that “the outer integument extends only a short distance 
beyond the sttdar canal where it terminates.”^ 

Serial longitudinal and cross sections of entire ovaries, prepared in 
the course of this study, indicate that the outer integument covers 
more of the surface of the inner integument than the statements just 
quoted might suggest (figs. 4, 5, 6, 5). Although there were some 
variations in the extent of the outer integument in the different 
ovaries, in all eases examined the exposed surface of the inner integu¬ 
ment appeared to be a comparatively narrow, more or less triangular 
area. The apex of the triangle was to be found near the point where 
the sbeathlike cells of the style terminate in the ovary wall and its 
base below the micropyle. In sections fixed as early as 2 or 3 days 
after fertilization, it is often difficult to determine the limits of the 
outer mtegument because of degenerative changes in both integu¬ 
ments which result in the two structures appearing to be more or 
less unified. 

The niiceUus, in which the embryo sac is embedded, consists of a 
delicate parenchymatous tissue bordered on its free surface by a 
distinct but thin-walled epidermal layer. Before fertilization the 
niicellus and what may be called the funicular-hilar-placental region— 
although there is neither funiculus nor true Mlum—merge into each 
other without any distinctly marked cell differences (fig. 5, A). 

DEVELOPMENT OF KERNEL 
Embryo 

^ Development of the kernel begins almost immediately after fertiliza¬ 
tion, and growth proceeds rapidly. According to Miller (3), fertffiza- 
tion takes place 26 to 28 houra after pollination, and traces of the 
pollen tube may be visible within the embryo sac for some time there¬ 
after. He notes the rapid growth of the endosperm and states that 
the cells of the endosperm may fill the embryo sac when the embiyo 
numbers only 14 to 16 cells. 

la sections of spikelets fixed by the wniet 2 days after pollen had 
been applied to the silk of tlie ear, the pollen tube, staining a deep 
red with safranine, was visible in the micropyle and embryo sac. 
Ill most eases fertilization had taken place. Sections of slightly older 
spikelets indicated that division of the endosperm nucleus had begun 
almost iiiunediately after fertilization: they also showed numerous 
free nuclei formed before cell walls appeared and a more rapid division 
of the endosperm than of the egg nucleus (fig. 6, A). When the develop¬ 
ing endosperm had almost filled the enlarged nucellar space the 
embryo still remained cmmparatiyelv small ^ (fig. 7, 0), although in a 
nearly mature caryopsis it occupies approximately one-thii'd to one- 
hfllf aI tliA surface of a median loneitudmal section of a kernel (fig. 8). 
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Figure 6.-—Portions of longitudinal sections of developing kernels, showing tissues in the regions of the 
embrj’o. A, Portion of a longitudinal section of a developing kernel, showing the more rapid growth of 
the endosperm than of the embryo. Strain A, growm at Aladison, Wis,; open-pollinated; fixed on August 
15, at which time the silks w^ere still green: n, Nueellus; en, endosperm; em, embryo; sp. p, spongy peri¬ 
carp. Stained with triple stain. X 4S. B, Portion of a longitudinal section of an ovarj", showing the 
relative positions of the two integuments at the mieropyle. Strain A48, grown at Madison, "Wis.; fixed 
on August 15, 2 days after pollination: e, Embryo sac; «, nueellus; fi, inner integument; &i, outer integu¬ 
ment; pt, pollen tube; s, starch granules; ped, pedicel. Stained with triple stain. X 125, 
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Fi»rjsE 7.—Bevelopmental phases of the corn kernel, Portion of a cross section of a developing kernel 
of strain A4S, fixei 5 days after poilination, sho^ving degenerative changes in both integuments: ep, k, 
Epidermis of nuceliiis; m, line along which the suherizeii membranes of the testa will appear; ii, inner 
iawgurnenr; vi, tjiter Integument; p, pericarp. Stained with triple Siam. X 393. B, Detail of C. A 
portion of the endosperm between the embryo and style. At this stage of development, cell division 
seems to be more active in this region than in other parts of the endosperm; little starch is to be found in 
the endosperm, f/ 2 . Endosperm; a/, alenrone layer lirainature); n, remains of nucellus; i, remnant of 
me integinaents; p, pericarp. Stained with triple stain. X 203. C, Longitudinal section, showing the 
relative sizes of the embryo and endosperm in a developing kernel of strain A, open-pollinated, fixed on 
Augi^t 23 at iMadison, Wis.: st, Remnant of the style; sc, stylar canal; rn, endosperm; rif remnant of the 
mieelliis; p, pericarp; em, embryo; c, chalaza; c-c, hilar opening through the integument. Stained with 
triple stain, X 13. 
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Figuee S.—Longitudinal sectioB of a maturing kernel of an L inbred grown at Madison, Wis.; fixed on 
September 15,42 days after pollination. In this kernel the embryo appears to be fully formed; the ceEs of 
the endosperm are not yet completely filled with starch and the closing layer extends only part way across 
the hilar orifice (c-c). st, Eemnant of the style; p, pericarp; en, endosperm; ct, eoleoptile; sc, seutellmn; c, 
chalaza; cr, coleorhiza; ci, closing layer of the hilar orifice. Stained with triple stain. X 14. 
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InTEGL’MEXTS 

Degenerative eliaiiges in the integuments also begin about the time 
o! ferthization. The literature on the subject has shown a variety 
of opinions concerning the modifications which take place in the 
epidermis of the nucellus and in the inner integument of the ovule 
during the maturation of the caryopsis of corn. True (10, p. 217) 
speaks of the strongly cutinized outer walls of the micellar epidermis. 
Concerning the integuments he sa 3 ^s: 

Previous to the collapse of the outer integument, the inner integument shows 
little change. Shortly, however, a slight tendency to weaken is seen, especially 

in tlie external layer of cells. 

Robbins (/i, p. 173) lists as a part of the mature grain, Testa, 
inner integument of two lax^ers.’^ On the other hand, Randolph (8, 

p. 6b states: 

Tlie absorf>tioii of the tissues in question was followed in a close series of stages, 
and in all the mature kernels studied there was in most cases no micellar or integ¬ 
ument tissue, the aleurone layer of the endosperm lying in close contact with 
the inner epidermis of the pericarp. In some scattered places a little unabsorbed 
material was seen, but it never formed a definite layer. 

Such statements, indicating that the outer integument in the corn 
ovary disappears before the inner, as is the case in wheat, or that 
in the mature kernel there is no lax^er derived from the integuments, 
have not been supported b}^ sections examined in the course of this 
study. On ‘the contrar}’, certain sections showed more rapid de¬ 
generation or resorption of the inner than the outer integument. 
From other sections it appeared that there had been little, if any, 
difference in point of time in the disintegration of the two integu- 
ineiits ^ (fig. 7, A; fig. 15, Jl). These sections also showed the 
pre^sence of a thin suberized lax-er, the semipermeable membrane of 
the testa, which appeared early in the development of the kernel 
along the inner surface of the inner integument in contact with the 
nucellus (fig. 7, A). It seems that the suberin was laid down in close 
contact with the nucellus and inner integument only after degenerative 
changes in the latter had begun. Attempts to demonstrate the 
presence of suberin on either of the adjacent walls when the epidermis 
of the nucellus and the inner integument were separable were vm- 
siiccessfiiL Thus, the origin of the membrane may be open to 
question. It seems probable, however, that the suberized lay'er in 
the corn kernel is derived from the integument, as is the case in 
wheat (Tritkum mlgare VilL)® (7), bluegrass (Poa prafensis L.) (1), 
and Johnson grass (Sorghum halepense (L.) Pers.) (A), although the 
number and position of the layers vaiy \nth the different genera. 
In the wheat kernel there are two suberized h\vers in the testa. They 
are both hiicl down on the inner integument, the outer layer becoming 
Jiiueli the thicker. In the mature kernel this hwer is not of uniform 
thickness tliroughoiit its extent, being visibly thinner in the section 
over the em bryo than in the groove and at the distal end of the 

® The ciiaac-es arey hiit Haddad /J. pp. fi, n\ also pictures sucb a condition, although the legend for his 
figure 4 suggests a ddfereuT interpretation. From a comparison of his figures 2 and 4 it seems probable that 
uhai IS considered to be the rem_ains of the outer integument (fig. 4 , £) is the inner layer of the ovary 
I'iaii and that poth degenerating inregumenrs. rather than the inner one only, are shown in his figure 4,3. 
TT rules of botanical nomenclature the name of this species is Tritkum aestimm L., but as 

preferen^^ to agronomists and cereal pathologists and geneticists, the writer gives 
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kernel (7). In the case of Poa compmssa L. and P. pratensis L. the 
picture is somewhat different. Anderson (1, p. 1016) states: 

Soon after fertilization a layer of suberin is found in the cell walls of the inner 
integument adjacent to the niicellus, and in the ceil walls of the outer integument 
adjacent to the inner integument. Usually the inner suberized layer develops 
first. 

In the mature caryopsis she finds: 

The inner layer of the inner integument consists of a comparatively thin layer 
of suberin. Its remaining cell walls and their contents are compressed. The 
inner layer of the outer integument adjacent to the inner integument is composed 
of a thick layer of suberin. The remaining cells and their contents are pre¬ 
sumably dissolved. 

In Johnson grass, according to Harrington and Crocker (4, p- 220)^ 
it is the inner wall of the inner integument that is most highh^ su¬ 
berized, although the various layers of the pericarp also contain suberin. 

In the corn kernel the membrane is very thin, thinner in some 
cases than the suberized layer covering the tip of the adjacent coleop- 
tile (fig. 9). It is so thin that variations in tliickness that in a}" 
exist are not easily seen. However, in section it appears to be even 
more slender for a short distance above the chalaza and over the 
embryo than elsewhere over the surface of the seed, and slight differ¬ 
ences in color intensity when stained with Sudan III suggest the 
probability that less suberin is present in these areas than at the 
distal end of the kernel. Treatment of the kernels -with iodine- 
potassium iodide solution also indicates that the membrane is most 
permeable at the tip of the kernel in the region of the embryo. 
Furthermore, the parts of the membrane over the embryo and encir¬ 
cling the kernel just above the chalaza seem to be those most easily 
pierced by fungus hyphae. Kernels carrying a moderately severe 
diplodia infection show dense masses of hyphae on both sides of the 
membrane in these regions, while the closed hilar orifice and the distal 
parts of the kernel may be comparatively free of fungus. \'\Tb.ether 
the membrane is a thin layer of suberin deposited along the wall of 
the inner integument, as in the case of the wheat kernel (7), or 'whether 
the entire marginal wall itself becomes inpregnated with suberin 
w^as not deteimined. With the exception of this one suberized 
layer the integuments practically disappear before the kernel is 
mature. 

Nucellvs 

During the rapid enlargement of the ovary following fertilization 
the nucellar cells also increase in size. They soon break dowm. and 
disappear, how^ever, as the rapidly growing endosperm pushes out to 
occupy the nucellar space (figs. 6, A, and 7, B, C), the epidermis being 
the last portion of the nucellus to lose its identity (fig. 10, A). There 
seems to be little question that remains of the nucellus are to be found 
in nearly all kernels, although it is not so clear w^hether a continuous 
layer coextensive with the testa, similar to that found in w^heat, is 
the rule. The crushed nucellar cells form a hyaline thread or ribbon 
in such close contact with the outer walls of the aleurone cells that the 
two usually appear to be one. Nevertheless, staining reactions 
occasionally gave a likit of the dual nature of these walls (fig. 10^, B), 
while variations in their apparent tluckness suggested the same idea. 
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Infrequently a division of tlie wall may be observed also. In one 
kernel from a supposedly mature ear tested on the germinator the 
sections were torn in such a way that these broad walls split and a 




FKrKE y— The suherized nipinlirane of the testa. A and B, Sf 

ITJiWn Mt T-tls'Jini i runr/k?! Ill .-J.* _ 



hr*rV- T niw^uiuem. tp. 11 , r.piaerniis01 nuceiius;subeozed 

Sudarut'miumled in ®X S'" *'I'“ermis of pericarp. Stained witli 


long narrow thread remained adhering to the suberized layer of the 
testa, although the encircling walls of the aleurone cells were not 
ruptured (hg. 10, 0 ). 
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Hilum Eegion 

In tlieir stud}" of tlie carjopsis of Jolmson grass and of Sudan grass^ 
Harrington and Crocker (4) describe parts that bear a close resem¬ 
blance to those found in the hilar region in corn. The protective 



Figure 10—Sections showing remnants of the nucellns. U, Portion of a cross section of a developing 
kernel of strain A, open-pollinated, grown at Madison, Wis., and fixed on September 6; p, Pericarp; 
fp. p, inner epidern.is of pericarp; siiberized membrane of testa; tp. n, epidermis of nucellus; al, 
aleiirone layer. Stained with triple stain. X 335. B, Portion of a longitudinal section of the kernel of 
inbred Lan shown in figure 9, .1, B. The double nature, in some jdaces, of the broad outer walls of the 
aleurcne cells suggests the presence of remnants of micellar tissue, p, Pericari-i; sm, suberized membrane 
of testa; n, remnant of nucellar tissue; tr. a/, wall of aleurone cell; of, aleurone layer. Stained with Sudan 
III and gentian violet, mounted in glycerin. X 445. C, Portion of a longitudinal section of a dormant, 
supposedly mature kernel of a Golden Glow strain grown at Madison, Wis., showing what appears to 
be the remains of the nucellus adhering to the hyaline suberized membrane of the testa: sm, Suberized 
membrane of testa: n, nuceliar tissue; of, aleurone layer; en, endosperm. Stained with Delafield's 
haematoxylin, safranine, and orange G, X 345. 

layers are relative^ tliicker in the grasses than in corn, but otheiivise 
the siniilarity is striking. They state (4, p- 200): 

Since in a caryopsis the seed never becomes detached from its pericarp, there 
is, of course, no true liiiiim, or seed scar. There is however in the caryopsis of 
the Aiidropogonae, a large opening through the inner integument in the position 
corresponding to the hilum. 
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Tliey further state (4? p- 219): 

Tlie large circular hilar orifice contains no vascular elements, conduction from 
the vascular bundle of the pedicel and outer layers of the pericarp over the hilar 
region Ijeiiig by iiieaiis of parenchymatous pericarp tissue which entirely fills the 
hilar orifice” and is fused with the inner integument at the hilar margins. 

A zone of this condiietiiig pericarp tissue lying just outside the hilar orifice 
and iiiciuding tlie elements which are fused with the inner integument becomes 
greatly contracted radially and darkly pigmented during the maturation of the 
caryopsis. This pigmented zone of the pericarp and the inner integument to¬ 
gether constitute for the caryopsis an unbroken investment which is extremely 
resistant to the action of Javelle water and of chromic acid and has the quality 
of selective permeability, though it probably does not exclude any solute entirely. 

As in tlie above-mentioned grasses, the wide liilar opening through 
the inner integument in corn is filled with parenchyniatous tissue 
which before fertilization seemed to be of a texture similar to the 
nucelliis (fig. 5, A). As the expanded nucellus degenerates, tliis tissue 
remains acuve for a time and with well-marked nuclei in slowly en¬ 
larging cells appears by contrast to be densely cellular (fig. 11 , yl). 

As the cells attain tlieir maximum size the nuclei disappear (fig. 11 , 
B) although the walls continue to take a gentian violet stain with 
diminishing intensity until, as the kernel matures, they are crushed, 
contracting radially into a more or less continuous and homogeneous 
layer which closes the hilar orifice and completes a protective circle 
of which the semipermeable membrane of the testa is the longer seg¬ 
ment. The consistency, continuity, and intensity of color of this 
compressed layer vary with the age of the kernel and depend some¬ 
what on the strain of corn (figs. 11 , 0; 12 , A, 5, C). In section, 
under the microscope, it is yellow to golden brown in color and appears 
to have a fatty or waxy consistency; to the naked eye, its color is 
dark brown in the mature grain, and its location and extent may be 
seen by clipping away the spongy cap of the kernel (fig. 12 , (7). It 
may be exposed with little difficulty, for, as the moisture content 
of the maturing kernel is lowered, the tissues of the pedicel forming 
the so-called cap*' of the shelled kernel contract and a cavity 
forms between the hilar layer and the vascular elements of the cap 
(fig. 12 , B), Although this layer is more resistant to hydrolysis 
by 72-percent H 2 SO 4 than adjoining parts, except the semipermieable 
membrane of the testa, it does not respond to the Sudan III color 
test for siibeiin. 

Marginal Layer of Endosperm 

The eeUs in the part of the outermost layer of the endosperm that 
is coextensive with the testa present the appearance usually asso¬ 
ciated with the aleiirone layer in cereals (fig. 13, A, B). Tiiose at 
the base of the endosperm facing the hilar region, however, seem to 
lie entireh" different. They are more or less completely filled with a 
streaked substance quite unlike the granular contents of the aleiirone 
ceils (fig. 13, A, Cy D), Dissimilarity in the nature of the cell con¬ 
tents of the two segments is further indicated in infected kernels. 
Sections show comparatively few hyphae even making their way 
intercdliilarly across the modified layer (fig. 14, (7), although the 
aleurone cells are in most cases packed with fungus (fig. 14, D). 
The two sections of tlie marginal layer of the endosperm show their 
dissimilarity eark: they differ also in thickness, the aleiirone layer 
being for the most part one cell thick, while across the hiliim region 
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Figure ll.—CMnges in the cells in Mar region: Fixed on August 16,2 days after pollination. X 2S0. 
Af, open-pollinated, fixed on August 19, stained with triple stain. X 2^- C, portion of a lon^tudinal sec¬ 
tion of a maturing kernel of L, fixed 42 days after pollination, showing an early stage in the formation of 
the closing layer of the hilar orifice; so, scutellum; endosperm; me, marginal layer of '©odosperm facing 
the hilar orifice; d, closing layer; c, ehalaza. Stained with triple stain. X 48, 

colorless under the microscope. In the mature kernel parts of the 
modified marginal layer lying close to the dark layer which bridges 
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layer of tlie iiikr orifice. A and JS, Portions of longitudinal sections of maturing 
essive srages in the formation of the closing layer of the Miar orifice; cL closing 
marginal layer of endosperm facing hilar orifice; ped, pedicel. Stained with 
► Pedicel (‘tip cap”) removed from two kernels at left to show brown closing 
at ngiit, kernel with “tip cap.” X about 4. 






Figure 13—Marginal layer of endosperm. (For beginning of legend see opposite page.) 


endosperm; he, homy endosperm; t, testa; p, i>ericarp. Stained with triple stain. X C, From a 
dormant mature fcernel of a Golden Glow strain grown at Madison, Wis. The testa is more highly 
snberized in this section than in A and B, as shown by its failure to stain with triple stain. Endo¬ 
sperm; sm, snberized membrane of testa; alt aleurone layer; me, marginal layer of endc^perm opp^eite 
the hiiar orifice; p, pericarp. Stained with triple stain. X 465. B, Portion of a section of the marginal 
layer of the endosperm of a maturing kernel of L com, showing the character of the cells in the region of 
the hilar orifice: me, Marginal layer of endosperm; h, p^nchymatous tissue in the hilar orifice. Stained 
with triple stain. X ^5. 
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the hilar orifice often take on a yellow color. Weatherwax {12, 
p. 376) considers this tissue to have a placental function. He says: 

Its structure and position from the first suggest a special functioin Its cells 
are relatively small, and usuall3' elongated and angular in shape. The nuclei 
and dense cytoplasm have the appearance of an active living condition, and 
karvokinetic 'figures are frequent. It is also in the position nearest the vascular 
complex which supplies the ovule. These facts indicate that this specialized 
region has a placental function, taking food from the source of supply and passing 
it on to other parts of the endosperm. This theory is further supported by the 
position of this tissue relative to the order of deposition of food in the endosperna. 

Pericarp 

Ill tlie course of development tlie wall of the ovary becomes the 
pericarp of the caryopsis. At flowering time the ovary wall consists of 
a parencliyiiiatous tissue of considerable thickness with a tvell-defined 
epidermal layer on the outer surface and a more delicate one on the 
inner walk 

Some sections show that shortly after degenerative changes appear 
in the integuments deterioration occurs also in the adjacent layers 
of the ovary w^all (fig. 15, A)j so that when, a few days after fertiliza¬ 
tion, these parts have come in contact with one another, it is difficult 
to identify the limits of each. In other cases, the cells of the inner 
epidemiis are seen to maintain their identity, although they have 
become more or less separated by the rapid enlargement of the ovule 
which they had encircled (fig. 10, A). As development of the kernel 
continues, the cells near the base of the ovary and on the inner side 
of the ovary wmll become more spongy in character, while the cell 
walls of the outer layers thicken, show numerous pits, and respond to 
safranine stain. Most of the spongy cells of the pericarp, with the 
exception of those near the base of the kernel, gradually disappear, 
so that in the mature caryopsis the larger part of the pericarp is com¬ 
posed of tliick-w^alled pitted cells wiuch usually become quite compact 
over the distal surfaces. Over the coleoptire region of the embryo 
both types of cells persist in considerable numbers, wifile in the area 
to be ruptured by the emerging coleorhiza only the thin-w^alled paren¬ 
chyma is found (fig. 15, B). A relatively thin layer of cutin covers 
the outer surface of the pericarp. ^ 

Beeskow"" has reported finding traces of siiberin in the pericarp of a 
strain of Hickory King corn with which he was wmrking. Its presence 
in any considerable quantity in the pericarp, tip cap, or rachilla might 
possibly be an important factor contributing to resistance to fungus 
invasion. In the sections examined by the writer, however, no barriers 
of this nature were demonstrated in these regions, although the pres¬ 
ence of the thin suberized membrane of the testa w'as clearly showm. 

Wlieii the hull is peeled from a soaked kernel, cleavage is along the 
line of least resistance. In the mature corn kernel tliis is in the spongy 
inner layer of the pericarp, outside the circle of the semipermeable 
raenibraiie of the testa and the closing layer of the hilar orifice (fig. 10). 
The removable hull thus consists of pericarp tissue and does not in- 
eliide the s uberized semipermeable membrane of the testa. 

'BEESKOW, H. C. the selective SEMfrERMEABILITY OF TRE SEED COAT OF CORX. (Cnpilblished 

master's thesis, Lmv. Chicago.) 1924. 
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Figitre 14.—Sections from kernels infected with Diplodia. ,.1 and B, Longitadinal sections, showing 
portions of the suberized membrane of the testa over the embryo. The membrane exhibits considerable 
resistance to fungal penetration and preserves its identity after the walls of neighboring: infeeted cells 
have almost disappeared, sc, Scutellum; sm, suberized membrane;/, fungus hyphae; p, pericarp. Stained 
with Delafield’s haematoxylin, safranine, and orange G. X 430. C, Portion of a longitudinal section 
through the hilum region of an infeeted immature kernel. The closing layer has not been fonned and 
hyphae have advanced from the pedicel into the endosperm, cn, Endosperm; me^ mai^al layer of 
endosperm facing the hilar orifice. Stained with Delafield’s haematoxylin, safiranine, and orange G. 
X 160. D, Part of a cross section of a badly infeeted kernd. Hyphae have invaded all tissues and are, 
massed in the aleurone cells, a/, Aleurone layer; ei», embryo; p, pericarp; en, endosperm; d, Bipiodia 
pycnidia. X17. 
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FiGX'itE lij.—Satioiis of the periMTO at different stages of development. At Portion of a longitudinal 
pctron of a aevelopme kernel fixed shortly after fertilisation, showing degenerative changes beginning 
m toe inner layers of the ^ricarp and .integimients. There is an abundance' of starch in the cells of the 
pericarp. Epidermis of numlius; ii, inner integument- oi, outer integument; p, pericarp; s, starch, 
with tnple stam. X 4M. B, Portion of a longitudinal s^ion of a maturing kernel, showing 
stracture of the pen<»p in the region to be ruptured during germination by the emerging 
■OwOTrUiEa: t. Root tip; cr, eoieorhiJta; »c, scutehum; p, pericarp. Stained with triple stain. X 58. 
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DISCUSSION 

Examination of tlie varied and representative material from 
pedigreed strains of yellow dent corn grown at Bloomington, Ill., 
and Madison, Wis., provided by collection of specimens at intervals 
during tbe summers of 1930-33 failed to show the presence of anatom¬ 
ical differences sufficient in themselves to account for Hgh degrees of 
resistance or susceptibility to diplodia kernel rot manifested in the 
field (figs. 16, 17). However, variations which may have a bearing on 
the problem were observed (1) in the speed with which the liilar orifice 
is closed, (2) in the thickness and compactness of the closing layer, and 
(3) in the completeness of the union of the closing layer with the ends 
of the siiberized membrane of the testa. The brown closing layer 
of the hilar orifice is, at its best, relatively thick and impervious to 
fungi and when joined to the ends of the suberized semipemieable 
membrane of the testa blocks advance into the seed in that region. 
If, however, fomiation of the liilar layer is delayed or incomplete, 
hyphae may pass around the ends of the testa and enter the embryo 
by way of the hilar orifice (fig. IS, H, 5, 0). From the material 
examined it may be said in general that it was in those strains known 
to be most susceptible in the field that a delayed and less effective 
closing of the liilar orifice was found. Not onl}’ is the presence of an 
effective closing layer in the hUar orifice an actual barrier to fungus 
advance thi'oiigh that particular region of the kernel, but it seems 
possible also that it should be considered as associated with certain 
phases of the maturation process of the caryopsis. In that case, the 
early appearance of the closing layer, in addition to imposing an 
efficient physical barrier to hyphal advance, may also be indicative 
of chemical changes which afford a less favorable nutrient medium for 
fungus growth within the plant. 

In cereals the suberized senffpermeable membrane of the testa 
functions as a more or less effective barrier to fungus advance. In the 
case of wheat the three-layered testa is considered to be the part of 
the kernel most resistant to penetration by Gibberella sanibinetii 
(Mont.) Sacc,, becoming increasingly resistant as the kernel matures 
(7). The outer suberized layer is the most resistant part of the testa. 
It varies in thickness and its resistance is seemingly proportional to 
its thickness. In section, it is sufficiently broad to show distinct 
differences in width in the embryo and distal regions of the kernel. 
In the corn kernel, how^ever, the single suberized layer of the testa is 
so tliin that any variations in tlnckness w'hich may exist are not 
easily seen. Nevertheless it seems probable that it also is thinnest 
over the embryo and in the proximal region of the kernel, for it is in 
these areas that its penetration by fungus occurs most frequently. 
Though it appears so delicate, the membrane is relativel}^ resistant 
to hyphal penetration and maintains its identity^ surprisingly well 
despite the fact that no instances were observed in w^Mch hyphae 
massed in the adjacent pericarp failed to pierce it (fig. 14, H, B). 
Once within the chcle of the testa, fungus growth in the aleurone layer 
is rapid. These cells seemingly present a veiy favorable medium for 
Diplodia and soon become packed with hyphae. It is in this region 
also that most of the pvcnidia in the kernel may be found (figs. 14, 
G; 19). 
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During the development of the kernel, changes in the carbohydrate 
content of the endosperm occur which may also have a bearing on the 
host-fungus relationship in that region. In her raicrochemical studies 
of the developing endosperm of maize, Lampe (5) reports finding 



FiGuas sections of kotnels from cars shown in figures and 17. Portion of a longitudinal 

section of as Meeted kernel of the Krug X Lan strain harvested September 12 (fig. 17), showing the end 
of the OTtberiz^ membmiie of the testa and the absence of the closing layer in the hilar orifice: me, Jvlar- 
ginal layer of ehclwperm facing the hilar orifice; sm, suberized membrane of testa; p, pericarp. Stained 
with Sudan III, mouotfei in glycerin. X 335. B, Section from same kernel as .4, stained with Delafield’s 
haematoxylin, safranine^ and orange O to show the presence of hyphae in the hilar orifice and on both 
sides of the suberized membrane; /, Fungus hyphjie; sm, suberized membrane; p, pericarp. X 335. 
C Portion of a iooeitudinal section of a kernel of cross 5b harvested on September 12 (fig. 16), showing the 
presence of the dosing layer of the hilar orifice and its close contact with the end of the suberized mem¬ 
brane of the testa. The contrast of the natural yellow color of the closing layer with the hyaline cells on 
either side is lost In the photomicrograph, w, Seutellum; sm, suberized membrane; p, pericarp; me, 
marginal layer of endosperm; cl, closing layer. Stained wi th Sudan III, mounted in glycerin. X 335. 

reducing sugars present duiing the early development in all types of 
com. In older kernels polysaccharides were found in the distal part 
and reducing sugars at the base. As the region containing polysac¬ 
charides increased^ that containing reducing sugars decreased^ until 
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at maturity, in nonsweet corn, tlie disappearance of sugars was 
essentially complete. 

Infection in the kernel appears usually to occur at the proximal 
end of the caryopsis. Hyphae were observed to enter the pechcel near 
the bases of the glumes or to have entered from the cob. This accords 
with Branstetter's {2, p. 17) findings as to the location of fungi in 
infected kernels shown by his platings. He states: 

These results seem to warrant the assumption that if a corn grain is infected, 
the tip one-fifth invariably contains the fungus, since in no case when the tip 
failed to show infection did any other part of the kernel show infection. 


Figtjre 19.—Detail of figure 14, D. Pycnidia of Diplodia zeae, containing mature spores, located along 
the aleurone layer in a badly infected kernel. Stained with Delafield’s haematoxylin, safranine, and 
orange G. X 220. 

In a large percentage of diplodia inoculations in the field under 
conditions favorable for infection, hyphae were found in the spongy 
tissues of the pedicel and the proximal pericarp of the kernel. In 
some cases these regions supported an abundant fungus growth; in 
other strains a few straggling hyphae were visible. Since no anatom¬ 
ical differences sufficient to account for the two conditions were 
apparent in the hosts, it seems not um*easonable to suppose that such 
lack of uniformity in the host-fimgus relationship may perhaps be tied 
up more closely with the chemic^ medium offered by the host in its 
relation to the nutritional requirements of the parasite than with 
anatomical differences in kernel structure. Further experiments along 
this line have been undertaken. 
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SUMMARY 

This paper outlines briefly the development and microscopic 
anatoiiiy of the caryopsis of dent com and is concerned primarily with 
those stnictiires which might have a bearing on the problem of host 
resistance and susceptibility to fimgiis diseases in general and to 
invasion by Diplodia zeae (Schw.) Lev. in particular. 

Unless othervise noted, the specimens examined were from hand- 
pollinated ears of yellow dent com grown at Bloomington, IlL, and 
Madison, Wis. During the early periods of development of the 
kernel, collections were made at intervals vaiying from 2 to 7 days. 

Sections of the ovary showed that the outer integument covers all 
blit a relatively narrow triangle of the surface of the inner integument 
and that the outer and inner integuments degenerate at about the 
same time, leaving a testa consisting of a single very thin suberized 
semipermeable membrane, which originated along the inner wall of 
the inner integument, in close contact vith the epidermis of the nucellus. 
It was not determined whether the entire marginal wall of the integu¬ 
ment had been impregnated with suberin or whether a layer of subarin 
had been laid down along its surface as is the case in the wheat kernel. 
The presence of the membrane was not demonstrated as long as the 
inner integument and the epidermis of the nucellus were separable. 

The two sections of the marginal layer of the endosperm are 
pictured. The formation of the closing layer of the hilar orifice is 
shovTi, and attention is called to the possible relation of the variations 
found in this region to fungus advance into the embryo. Although 
these points may have a bearing on the problem of resistance or 
susceptibility to kernel rots, no anatomical features were observed 
sufficient in themselves to account for the differences in resistance 
or susceptibility shown by various strains of com in the field. 

Diplodia infection in the kernel was found to begin in almost every 
case at the proximal end of the kernel. In some strains the spongy 
tissues of the pedicel and proximal pericarp were filled vith the 
fungus; in others, only a few straggling hyphae could be found in those 
regions. Anatomical features sufficient in themselves to account for 
such differences did not appear to be present. It seems, therefore, 
not unreasonable to conclude that such lack of unifomiity in the host- 
fungus relationsliip may perhaps be tied up more closely with the 
chenneal medium offered by the host in its relation to the nutritional 
requirements of the parasite than with anatomical differences in kernel 
structure, 
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INFLUENCE OF WEATHER FACTORS ON MOISTURE CON¬ 
TENT OF LIGHT FUELS IN FORESTS OF THE NORTHERN 
ROCKY MOUNTAINS' 

By George M. Jemisox 

Junior forester. Northern Eochj Mountain Forest and Bange Experiment Station, 
Forest Service, United States Department of Agriculture^ 

INTRODUCTION 

The necessity of forest-fire protection is generally recognized in the 
Unite States. The tremendous damage done by forest fires each 
year to vtiliiahle timber, watersheJ cover, forest range, wildlife, 
recreational faeilitieSi and personal property has impressed upon the 
people the need for preventing and controlling forest fires so far as 
this is humanly possible. 

In the forests of northern Idaho and of Montana the fire-protection 
problem is particularly difficult, owing to the inflammable character 
of the forest -x egetation and to the dryness of the summer weather. 
On the 23 million acres of national-forest land in tliis area, during the 
10-year period 1920-34 there occurred a yearly average of 1,356 fixes, 
which burned over 114,000 acres, caused damage totaling nearly 
three-quarters of a million dollars, and required expenditure of a 
similar amount for control. 

Fire-control experience has shown that in this northern Rocky 
Mountain region approximately 50 percent of the area burned and 
35 percent of the suppression costs result from only 1 percent of the 
fires. 

Obviously, in this region satisfactory fire control can be attained 
only if the fire-protection organization succeeds in suppressing fires 
while they are stiU small. In efforts toward tins end, administrative 
officers are aided by knowledge of current forest-fire danger.® A 
con'plete imderstanding of fire danger from day to day is difficult to 
obtain because man}" factors are involved, including season of year, 
acti\dty of fire-starting agencies, topography, character of green 
vegetation, w’eather, fuel type, fuel volume, and fuel moisture con¬ 
tent. By making observations or measurements of several of the most 
important factors and properly integrating them, however, the forest 
protectionist can determine the relative fire danger existing at a given 
time and place. In this way he can learn whether his force should be 
temporarily expanded or reduced, and how" it should be distributed 
over the area for which he is responsible. In addition, through a 
knowledge of the influence of given factors on fire danger the protec¬ 
tionist is assisted in interpreting w^eather forecasts and thus in pre¬ 
paring for all classes of fire danger that are likely to arise. 

5 Received for publication July 29,1935: issued February 1936. 

s The writer is InJahted to F. X. Schumacher, of the Division of Silvical Research, Forest Service, for 
guidance In planning the statistical analysis involved in this study 

» “Forest fire danger” as used here is a general term expressing the sum total of the factors that de¬ 
termine whether fires will start, spread, and do damage. 
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SifxXIFIf'AXCE OF MOISTURE COXTENT OF FOREST FUELS 

Fuel-moisture content alone serves as a criterion of forest-fire 
danger. The wetness or dryness of forest fuels largely determines 
tlieir iirflainmability or ease of ignition and the rate of spread of forest 
fire. Obviously, ekdi fuel must be heated to a certain temperature 
before combustion results, and “"anything that retards this heating 
reduces fire danger. Water in the fuels absorbs heat before it is 
driven off in the form of vapor; consequently it delays the raising of 
fuel temperatures to the kindling point. Knowledge of ^tiie relation 
of the moisture content of the common forest fuels to their inflamma¬ 
bility, or to the rate of spread of fire, or to both, is essential in determin¬ 
ing current fire danger. 

The moisture content of lightweight fuels such as duff* and small 
bmneh wood is particularly important because of their wide-spread 
distribution in almost all forest types and because they serve as car¬ 
riers of fire from tree to tree and from log to log. Duff commonly com¬ 
poses a greater paii of the surface layer of the forest floor than aii}^ 
other single fuel. 

/. Show (fO/Larsen (7), Stickel ( 10 , 11 ), and Gisborne (S) proved the 
important relation of moisture content to the inflammability of duff ® 
by making burning tests. The latter two workers tested in detail 
the ease of igniting duff* of given moisture content with difi'erent 
firebrands. Gisborne, working with undisturbed duff in western white 
pine (Pinvs rimnikoJa) forests in northern Idaho, concluded that 
whenever the duff has less than 10 percent moisture content it can be 
ignited by any firebrand producing heat equal to that of an ordinary 
riiatch, that at more than 13 percent moisture the duff is generally 
immune to ignition b}" burning matches, and that camp fires can 
ignite the duff and cause fire to spread through it whenever it con¬ 
tains less than 18 percent moisture. On the basis of these findings 
and of general observation, Gisborne defined the follovuing six degrees 
of susceptibility of the top layei of duff to ignition by various common 
firebrands: 


Moisture content 

Degree of susceptibility; {percent) 

Noiiinfiammable_ More than 25. 

Very low infiainmability___25 to 19. 

Low infiammability__ 18 to 14. 

Medium inflammability___13 to 11. 

High inflammability--!_ 10 to 8. 

Extreme inflammability_ 7to0. 


Stickel (10) made a detailed investigation in the Adiimid'ack 
Mountains to determine the moisture content necessary to prevent 
ignition of duff by matches, cigarette butts, pipe heels, locomotive 
sparks, and small camp fires. His results, from 370 tests, are sum¬ 
marized in table L 


- Refereaee is made by number Citalle) to Literature Cited, p. S05. 

f the term "diitfapplies to the surfacel^er of the forest floor, that is, to the '“litter”’, 

wiiieh IS inaae up of vegetable-matter deposits only slightly decomposed. 
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Table 1. —Surface duff-moisture contents at which various firebrands are effective ^ 


Degree of hazard 2 

Surface duff mois- ' 
ture content, per-: 
cent 1 

Firebrands effective 


Less than 6. 

Cigarettes, locomotive sparks, pipe heels, matches, and camp 
fires. 

Locomotive sparks, pipe heels, matches, and camp fires. 

1 Pipe heels, matches, and camp fires. 

Alatches and camp fires. 

Camp fires.3 

None. 

High. 

e to 10.! 

Medium__ 

11 tnia : 

Low _ 

17 to 92 _. j 

Very low__i 

Generally safe.. 

23 to 29.1 

30 or more. 


5 According to findings of Stickel (10). 

2 “Hazard”, in Stickel’s classification, has the same meaning as is attached in this paper to “forest-fire 
danger” (see footnote 3, p. 8S5L 

Duff at edge will smolder, but fire will not spread much. 

Rate of spread of forest fire has definitely been shown to depend 
principally upon fuel-moistnre content. Tiie Quartz Creek fire of 
1926 and the Freeman Lake fire of 1931 (J)? both in northern 
IdahO;, made their longest runs on days when duS‘ moisture was 
exceptionally low. The latter fire, which spread at an average rate 
of 1,600 acres per hour for 12 I 2 hours, began at a time when the duff- 
moisture content was about 5 percent. In no recorded instance has 
a blow-up^’ occurred when the moisture content of lightweight fuels 
was relatively high. 

DETERMINANTS OF FUEL MOISTURE CONTENT 

The several weather elements, acting together, are the most im¬ 
portant determinants of forest fuel moisture content. When the 
weather is wet, the fuels are wet or tend to become so; and dry 
weather produces dry conditions in the fuels. The changes, of 
course, require more or less time, the lag depending upon how wet 
or dry the fuels were to begin with. In the northern Rocky Moun¬ 
tains, after a heavy rain a week or more of hot, drying weather may 
be required to produce extreme danger. 

The moisture content of light fuels such as duff and small branch 
wood bears an especially close relation to current weather. Duff, in 
particular, because of its loose distribution and porous structure, 
picks up or loses moisture rapidly when atmospheric conditions 
change. 

Differences in the moisture contents of similar fuels on parts of the 
same area may be due in part to weather variations between one 
place and another, but no doubt are due principally to differences in 
degree of exposure of the fuels, A dense forest canopy intercepts 
most of the direct rays of the sun and reduces vfind movement, 
thereby lowering temperature and evaporation and increasing hu¬ 
midity beneath it (5), Fuel moistures, consequently, are higher 
under dense canopies than they are on burned-over or clear-cut areas 
fully exposed to sun and wind. 

METHODS AND CONDITIONS OP FIELD STUDY 

The study discussed here has dealt for the most part with duff- 
moisture content in its relation to current weather. It has dealt 
also with moisture content of branch wood one-half inch in diameter 
in its relation to weather. These relations were observed under 
different forest-canopy conditions. 

44364—sc-^3 
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In this study diitf-moistiire measurements have been confined to 
the uppermost' h-inch layer, because when the moisture content of 
this layer is low lire may'spread through it rapidly even if the average 
moisture content of the entire forest floor is high. 

Measurements of weather factors and fuel moisture have been 
made on three exposures at the Priest River branch of the Northern 
Rocky Moimtaiu Forest and Range Experiment Station, in northern 
Idaho. Beginning in 1924, observations were taken on an area from 
which all trees had been removed; on an area where timber cutting 
had reiluced the forest canopy liy about half, the principal tree 
species of the remaining stand being western hemlock {Tsnga hetero- 
lihglla '}: and in a dense stand of western white pine near the base of 



Figure 1,—Clear-cut station, fully exposed to weather. 


a nortliwesfc slope. These areas were approximately three-quarters 
of a mile apart. In 1930 the original half-cut and full-timbered 
stations were abandoned^ and new ones established on a bench 
witlihi 1,400 feet of the clear-cut station. On the new half-cut 
station^ the residual stand is similar in composition to that on the 
oiie abandoned.' The^new full-timbered station is occupied by the 
climax western white pine typcj in which western hemlock and w^estern 
red cedar {Thuja pMeaM) predominate. Comparative light values 
taken at the iiistniinent exposures by Haig® are shown in table 2. 
The ^elear-eiit station, and the half-cut and full-timbered stations in 
use from 1 930, are shown in figures 1, 2, and 3, respectively. 


FACTORS CONTROLUSfO INITIAL SEEPUNG EwSTABLISHMENT IN WESTERN WHITE 
^-apublished doctor’s dissertation: Copm on ffle at Yale Univ. School of Forestry, 
Mew Ha\ea. Conn., and Xorthera Mocky Mmntam Fc^t and Eange Expt. Sta., Missoula, Mont.} 
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Figure 2.—Half*cut station; residual stand is composed chiefly of western hemlock. 



Figure 3.-Full-timbered station; the dense virgin stand is composed chiefly of western heipio^lc and 

western red cedar. 
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Table 2 .—Light 


values on half-cut and fidl-timhered areas in use from 1930, 
determined with different vistrunients 


as 


Instrument 

Light, in terms of 
full sunlight, on— 

Half-cut 

area 

Full-tim¬ 
bered area 


Percent 

24 

23 

26 

Percent 

4 
3 

5 



ilifeMUil aUU. ililC -- 

'V veriige-........... ------ 

24.3 ^ 

4 



Careful study revealed tliat the old and new stations were nearly 
enough alike to justify joint analysis of records obtained before and 
after 1930. 

Siiiiiiltaneoiis measurements of weather factors and duff-moisture 
content on the clear-cut, half-cut, and full-timbered areas were 
begun in June 1924. They were made daily at 4:30 p. ni. Air 
temperature, relative humidity, precipitation, evaporation, and 
temperature of the dew point were the weather elements measured 
in 1924. Other elements were added later. Table 3 lists the factors 
investigated and shows in what years measurement of each factor 
was begun on the three areas, respectively. Beginning with 1925, 
twice-daily measurements were made at all stations thi’oughout the 
fire season, at approximately 9 a. m. and 4:30 p. m. ^ These two 
lioum were selected in order to sample extremes, preliminary inves¬ 
tigation having indicated that fuel moisture normally was greatest 
between 7 and 9 a. m, and least at about 4:30 p. m. The dates on 
which measurements were begun and ended each year were not fixed. 
In general, measurements were begun in April or May, before the 
fire season actually started, and were terminated in late September 
or early October after the fire season definitely came to an end. 

Table 3. — Fml-'moisture and weather factors studied, and years in which measure¬ 
ment of each was begun on the three study areas, respectively 


Year in which measure- 
ments were begun on— 


Factor 


Fuel moisture eontot: 

Daif moisture,_*... 

yi-inch woexi moisture. kTIITT"! . 

Weather elemema and assisted factors: . 

.Maximum air .. 

Ciirrent air temperature.,... 

Minimum air temperature.hd-TTT.TT.Tr 

Maximam dulf temiwniture..TlfTI 

Temperature of the dew point.. , ,.. 

Current relative humidity. -TTIT 

AIlnimoiiQ relative humidity.T* I 

Average relative huniiditv.'l.... 

IVind__* "■ 

Precipimi:loii...Ty.TTyyyy. 

E^vajwration.,.__ IIIITTITTT' I 

Xiimter of days since O.ol inch of precipitation_ 

A umber of days since- .Ifi inch of precipitation 
A umte of days since .20 inch of precipitation-.-.’. 
A uniMr of days since .30 inch of precipitation 
, A, am per of days since .4 0 inch of precipitation.I, 


Clear- 

cut 

area 

Half¬ 

cut 

area 

Full- 
timber¬ 
ed area 

1924 

1924 

1924 

1929 

1929 

1929 

1924 

1930 

1930 

t 1924 

1924 

1924 

1 1924 

1930 

1930 

: 1930 

1930 1 

1930 

1924 

1924 ' 

1924 

1924 

1924 

1924 

1924 

1930 

1930 

1924 

1930 

1930 

1930 

1930 

1930 

1924 

1924 

1930 

1930 

1924 

1924 

1924 

11124 

1924 

1924 

1924 

1924 

1924 

1924 

1924 

1924 

1924 

1934 

1924 
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ANALYSIS OF DATA, AND APPLICATION OF RESULTS OF ANALYSIS 

Gross correlations indicate tlie forest-fuel moistures tkat iiormall}^ 
exist at given air temperatures and Immidities; they fail, however, 
to show the relative or net influence of temperature or of humidity 
on fuel-moisture content. None of the weather elements acts inde¬ 
pendently of the others. Hence, in order to determine fundamental 
relations between fuel-moisture content and the vreather it was 
necessary to subject weather and fuel-moisture data to multiple- 
correlation analysis. 

METHOD OF ELIMINATING CURVILINEARITY 

A preliminary multiple-correlation study involving duff moisture 
as the dependent variable and several weather elements as the inde¬ 
pendent variables produced, in all cases, curvilinear regressions. 



Figure 4.—Hypothetical regression of duff-moisture content on air temperature. 


In multiple-correlation problems it is desirable to obtain algebraic 
expression of regressions whenever possible, because they are the 
simplest to compare and interpret and are not siisceptible to the 
personal error associated with fitting freehand curves. The curvili - 
earity of these regressions was due to the fact that the instrument 
used to measure duff moistures does not show values greater^ than 
50 percent. Direct elimination of observations of diifl-moisture 
content amounting to, say, 30 percent or more inevitably lessens 
the average slope of the regression curve. These data can be elimi¬ 
nated without altering the slope, however, by placing a limit on an 
independent variable. An illustration of the effects of these two 
procedures follows: In figure 4 if all observations of duff moisture 
greater than 30 percent—that is, all the points above line A —are 
directly eliminated, the upper end of the line of best fit is changed 
from its former position to the one shown by the dash-dot line. Lim- 
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itatioii of tlie dependent variable, then, has changed the slope of the 
regression cui^ve. However, if aU observations made, when air tem¬ 
perature was 60° or lower—that is, all points to the left of line 
5—are rejected all duff moistures of 30 percent or more are elim¬ 
inated from the correlation without causing a change in the slope 
of the regression curve. 

If study is restricted to observations made on the cleai-cut area 2 
or more days after 0.01 inch of precipitation, and on the half-cut and 
full-timbered areas 5 or more days and 6 or niore days, respectively, 
after 0.01 inch of precipitation, all duff moistures of 30 percent or 
more are eliminated. This removes the curvilinearity in the net 
regressions due to restriction of the dependent variable to 50 percent. 
It"is logical to confine the study to duff moistures of less than 30 
pereenC because when duff contains 30 percent or more moisture 
fire danger does not exist. 

SELECTION OP MOST IMPORTANT VARIABLES 

As is shown in table 3, data on 16 w^eather elements were available 
for analysis. This large number of variables cannot be handled 
conveniently by the usual correlation methods. It was thought 
possible that certain of these factoi's contribute nothing of significance 
to the final multiple-correlation coefficient, although each shows a 
definite relation to fuel moisture when correlated with it separately. 
For these reasons, measures were taken to select those weather ele¬ 
ments that contributed most to the multiple correlation. 

Analysis of a random sample of 130 sets of afternoon measurements 
for the clear-cut area according to the method developed by Kincer 
and Alattice ( 6 ) showed that the factors having the greatest effect 
on fuel moisture were current air temperature and relative humidity. 
iMaximnm duff temperature and evaporation rate were correlated 
almost as closely with fuel moisture as current air temperature and 
relative humidity, respectively. Factors having comparatively small 
influence on fuel moisture were temperature of the dew point, number 
of days since 0.01 or 0.20 inch of precipitation, and w^ind. These 
variables were retained for further investigation in preference to mean 
and minimum relative humidity, for example, because the latter are 
highty correlated with current relative humidity. 

On the basis of all the available afternoon records for the clear-cut 
area that wrere made more than a day after 0.01 inch of precipitation, 
gross-correlation coefficients were computed for duff moisture as the 
dependent variable with each of the following eight factors as inde¬ 
pendent variables: Current relative humidity, current air temper¬ 
ature, ijiaximimi duff temperature, evaporation, temperature of the 
dew point, number of days since 0.01 inch of precipitation, w'ind, 
and number of days since 0.20 inch of precipitation. The results are 
given in table 4. Because wind and number of da3"s since 0.20 inch 
of precipitation were not found to be significantly" correlated with 
either the dependent x^ariable, duff moisture, or with any" of the other 
variables tested, they w'ere dropped from consideration. 
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Table 4:,--Gross-correlation coefficients ^ for all combinations of duff-woistnrc 
content (AT) on clear-cut area and eight ivcather factors 


Correlation 
coefficient r 

Numer¬ 
ical value 

Correlation 
coefficient r 

Numer¬ 
ical value 

Correlation 
coefficient r 

Nuraer- l| Correlation I Numer¬ 
ical value !| coefEeient r J ical value 

A'.d_ 

+Q. 6fi0 

AD . 

—0.608 

BH. _ 

mo. 103 i EF —n 227 

XB.. .. 

-. 570 

AE. .. 

+.597 

CD . 

+. 7:14 j! EG i —169 

AX'.. 

552 

AF .. 

+. 229 

CE _ 

-.053 ! EIL .-.049 

XB ._..J 

-. 535 

AG _ 

i -. 051 

CF _ 

+.064 ;i FG ..! -.011 

XE __i 

-f. 312 

..1JI._ 

; 05S 

i CG _ 

-.010 FH '■ 161 

XF.... .i 

146 

BC. _ 

i +.784 

1 CH. . I 

+. 001 li d?//.. . ! —.093 

XG _; 

037 

BIJ _ 

I +. 740 

! DE. . 1 

-.007 i 

xir , . 1 

028 

BE.. . 

! 020 

1 DF - 

+.035 i i 

AB.,.. .1 

-.727 

BF _ 

1 +. 133 

1 DG .- ' 

+.OSS ) 

AC. _! 

597 

BG _ 

! -. 121 

I DH . 

! 1 

-. 193 : I 


1 Based on 225 sets of afternoon observations taken 1 or more days after 0.01 inch of precioilaiion. Ex¬ 
planation of symbols: .l=relative humidity; B=air temperature; C'=maxiniuin diitT temperature; IJ~ 
evaporation; £= temperature of the dew point; E=number of days since 0.01 inch of precipitation; G~ 
wind; Ef^number of days since 0.20 inch of precipitation. 

JOINT CORRELATION 

When a multiple correlation of duff moisture with air temperature 
and relative humidity w^as made, a joint relation w’^as evident. A 
joint relation of variables is the relation existing wiien the change 
in a dependent variable that corresponds with a change in one inde¬ 
pendent variable depends in part upon the magnitude of a second 



FiGraE 5.—Curve of moisture eontents of coniferous duff and branch wood in equilibrium with air tem¬ 
perature and humidity (as determined by M. A. Dunlap). 

independent variable. The ecj[uilibrium relations betw^eeii fuel 
moisture and relative humidity at different aii* temperatures deter¬ 
mined by Dunlap,” of the Forest Products Laboratory, and shown 
in figure 5 also indicate a joint relation. 

The standard linear-regression equation of the form 


in W'hieh 


and 


DM=aT+bRH+K 


DJ\/=Duff-moisture content 
7= Air temperature 
i?iJ=Kelative humidity 

a, 6, Z'= Constants 


( 1 ) 


7 Dunlap, M. A. the relation of humidity to the moisture content of forest fief; fuels. 1924. 
fUnpublished manuscript U. S. Dept. Agr., Forest Prod, l&b., Madison, Wis.] 
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does not show this relation. This type of equation results in parallel 
restression lines that do not fit the data except when all three variables 
are at their mean values. In other words, it represents the change 
in duff moisture caused by a change in relative humidity as constant 
regardless of air temperature. In order to reveal the true relation of 
air temperature and relative humidity to duff' moisture, joint-corre¬ 
lation methods must be used. 

A regression equation of the t 5 'pe 

( 2 ) 

was found to fit the data, as is clearly illustrated in figures 6 and 7. 
The lines of regression in figure 6 represent values computed separately 



“ RELATIVE HUMIDITY (PERCENT) 

Fkh're fi.—Average actual moisture content of duff on the clear-cut area at given relative humidities and 
air temiieratures. (Basis, 206 sets of observations taken at 4:30 p. m.) 



RELATIVE HUMIDITY (PERCENT) 

FfGi'RE 7.—Average moisture content of duff on the dear-t‘ut area at given relative humidities and air 
teuil.*rature>:, as esilmatwi by use of the regression efiuation Z>A/=9.t)4 -f 3.55. (Basis, 226 obser- 

TUtioiis 1 liken at 4:30 p. in.) 

for each of the temperature classes shown; those in figure 7 were 
located by substituting values of temperature and humidity in 
equation 2. 

mi 

The use of the term -j- is explained as follows: 

_ Relative humidity is the ratio between the quantity of water vapor 
m a unit of space and the ma.xiinum quantity that unit of space can 
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holdy temperature and pressure remaining constant. Absolute 
humidity is the actual quantity of moisture hra unit of space^ iisiialh" 
expressed in grains per cubic foot. Let 

AH = Absolute humidity 
A/is = Absolute humidity at saturation. 

Then, by definition when temperature and i3ressure are 

constant. 

AH 

But AIL depends entirely on T. Then i?/7—where/(X) — 
some function of T, orfiT) (EH)=AH. lf/(T)=-^, then^^=AIL 

In other words, if f(T) equals -^;the recq^rocal of temperature times 

relative humidity equals absolute humidity. 

When the product of J{T}XRI1 is absolute humidity in grains per 

cubic foot,/(2') does not vaiy as -^does, but equals the values shown 
in column 2 of table 5. Consequently, when (which is the same 

iis^XRH) is equated to absolute humidity the resulting values are 

not in units of grains per cubic foot, or in any other units that can 
be identified. They are converted into grains per cubic foot, how¬ 
ever, if multiplied by the values given in columns 3 and 6 of table 5. 

RII 

Use of as a variable was very advantageous in the correlations 

of this study because (1) when this term is used as a variable the 
regression equation actually fits the data; (2) the term is an index 
of absolute humidity; and (3) actual measurements of absolute 
humidity were not available in a form usable for the analysis, which 
was made by machine sorts and tabulations of punch cards. Owing 
to the availability of complete and lengthy records of temperature 
and relative humidity, great use can be made of the results of a cor- 

RII 

relation involving -jr as a variable. One advantage of a method of 

estimating fire danger through use of this variable is that it makes 
possible fire-danger ratings, for many stations, for past seasons dur¬ 
ing which records were made at those stations of air temperature 

and relative humidity but not of duff moisture. 
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Table :h—Tke mines f{f JiT) in llw eipintion JfTjyiRlI^-^ All, attil tfic inliies of X 
in the eqimlioH X(^-y )==AII, that give absolute h uniiditics in grains 2)er cubic foot 


1 Values tiiat give absolute 
i luiinidities in grains per 
! cubic foot 

Air temperature 
(T, ^F.,t 

Values that give attsnlute 
liuriiiditie.s in grains per 

1 cubic foot 

UXi'-: ) i . .u i 

1 nT} in the ' ® 1 

, ‘eVmtidn ^ ' 

i/: -1 H 

! 

fi Tj in the 
eduatiou 
yiT)XRH=An 

-Y, in the 
equation 

TdA o.rdorb . 2.03S 

SO.. 

0. ioy;u 

i . 12730 

1 . 14790 1 

' . 17124 

1 .19700 

S. 747 
10.820 
13.311 
10. 208 
19.700 

.04849 ■ 2,007 

So__ 

r,r< .00782 1 4.40S 

90__ 

90__ 

71} ... .07980 i 5.5SG 

7,7 ..: .mnC) 1 7.017 

100.. 


If is used as an independent variable in tlie place of relative 

liimiidity the gross correlation vith duff moisture is equally com¬ 
plete, as is shown by the coefficient Vxa in table 6, which gives gross- 
tH)rreiation coefficients foi all combinations of duff moisture and the 
six weather factors having the greatest influence upon it. 


TATiLE < ross-corniaiion coejjicients ‘ fw all combinalioHS of duff moisture (X) 
on rlear-cut area and the six ireathcr factors most important in relation to it 


CorrelMlion 
coefficient r 

Nunieri- j 
fill value i 

1 

I Correiiitiim 
' coefficient r 

Numeri¬ 
cal value 

1 Correlation 
coefficient r 

Numeri¬ 
cal value 

Correlation 
coeffieieni r 

Numeri¬ 
cal value 

AVi-,... 

-f0.672 i 

AB . 

—0.778 

i BD . 

1 

+0.740 

DE . 

-0.007 

A'if. 

-.676 ! 

AC, . 

—.035 1 

! BE . 

i —. 020 

DF . 

+.035 

AT-. 

652 i 

I AD . 

—.6.57 i 

i BF - 

i +. 133 

EF 

—. 227 

AT>. 

—. i 

i AE, . 

+. 4t>4 J 

i CD 

t +. 734 



AT. 

+.312 i 

1 AF .. 

-.210 ! 

i CE .' 

I 053 

\ ! 


AT.i 

! 

-.140 1 

i BC _ 

+.7S1 ll CF . 

it 

j +.064 

1 



‘ B:ise*3 i*n 2*3S sets of afternoon observations taken 1 or more <iays after O.Ol inch of precipitation. E.\" 
piacation of symbols; .L-relative limnidity divided by air lemiwrature: ii=air temperature; <:’=maxi- 
i|ium dntl tem|»eratnre: 13=evaporation; it=temiJenUiire of the de’w point; ^'=mimher of days since 

0.1)1 Int'h of preeiiMtaticm. 

GROSS AND MULTIPLE CORRECTIONS 

In^ an endeavor to find wffiat group of variables bear the closest 
relation to duff iiioistiirej correlation coefficients were computed for 
ail possible combinations of 2, 3, 4, 5, and 6 weather factors as inde¬ 
pendent variables with diiff-imtisture content as the common depend¬ 
ent variable. The multiple-coiTelation coefficients were computed 
from the gross f's according to the method outlined by Wallace and 
Siiedecor [lA), They are given in table 7, 
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Table 7. — Gross- and nndtiplc-correlation coefficients ^ for all comhmaiiorts of 
duff moisture (X) on clear-cut area icith the six weather factors 'most important in 
relation to it 


Correlation 

coefficient 

r 

Numerical 

value 

Correlation 

coefficient 

M 

Numerical 

value 

Correlation 

1 coefficient 

Numerical 

value 

A'4 . 

4-0.672 

X.AC. _ _ 

0.691 

i X.ACE 

0.6*94 

XB .-. 

576 

X.AB __ 

.683 

1 A'. .4 CD_ 

. 693 

ATC..- 

552 

X.AB... .. 

.677 

! X.ACF _ 

. im 

XB ... 

-.535 

X.AF, _ 

.672 

i X,ABC, _ 

. 691 

XE . 

-f. 312 

X.AE _ 

.672 

i X.ADE. __ 


XF .... 

146 

X.BE. _ 

.650 

i X.ABD .. 

.684 



A'. CE _ 

.620 

. A'..4Z>F..__ 

.684 



X.DE.,- . 

. 617 

i X.ABE _ 

. 6SI 



A’.nc. _ 

.598 

i X.ABF .. 

. 677 



.. 

.598 

! XAEF., . 

, 6»72 



X.CB .. 

-584 

: X.BBE. .. . 

.671 


j 

X.BF .. 

.580 

: X.BCE ___ 

. fiftO 



X.CF .. 

.563 

: XXWE _ 

. 654 



X.BF.^ . . 


! X.BEF . 




X.EF.... .. 

.322 

! X.CEF .. 

. 623 





' X.DEF . 

.620 





: X.BCB... . 

. tW8 





1 X.BDF . 

. aw 


1 

i 



, X.BCF . 

, X.CBF .1 

. 6,04 
. 5tW 

Correlation 

coefficient 

R 

1 

Numerical i 
value 1 

1 

1 Correlation 

1 coefficient 

1 

Numerical 1 
value 1 

J 1 

Correlation j 

i coefficient i 

1 

Numerical 

value 

j 

X.A(BE.,. . 

1 0.697 

X. ABODE .. 

0.697 

1 X. A BODEF. . 

i 

' 0.697 

X.ABCE ... 

. 6.94 

X.ACBEF . 

.697 



X.ACEF, _ 

. 694 

X.ABCBF, . 

.694 



X.ABCD,,. . 

. 693 

X. ABODE.. . 

. 693 



X.ACJDF . 

. 693 

X.ABDEF.. .. 

.690 



X.ABCF . 

. t)92 

A'. BODEF. _ 

.677 



X,ABBE .- 

i . 690 





X.ADEF .! 

1 .686 





X.ABBF .; 

1 .684 

1 ' 

I 



X.ABEF . 

! .681 





X,BCJDE . 

I . 676 

1 

I 

1 



X.BDEF. .i 

! .671 

1 1 

i 



X.BCEF^ . I 

! .666 





X.CDEF .! 

: .656 

j 




X.BCBF. .! 

.615 

1 



1 

( 

1 



I Based on 226 sets of afternoon observations taken 1 or more days after 0.01 inch of precipitation. Explana¬ 
tion of symbols:-4 =relative humidity divided by air temperature; B-air temperature; C= maximum <iur! 
temperature; />=evaporation; £=temperature of the dew point; /''=niimber of days since 0.01 inch of pre¬ 
cipitation. 

TEST OF SIGNIFICANCE OF DIFFERENCE BETWEEN CORRELATION COEFFICIENTS 


Table 7 gives evidence that the single variable or ^‘■’absolute- 

humidity index’b as it is hereafter called, is associated with duff 
moisture almost as closely as all six of the independent variables 
taken together. Evidence to this effect includes the fact that the 
difference between Tx. a and Rx-abcdef is only 0.025. This differencCj 
when tested according to a method outlined by Russell (S), wurs foimd 
to be slightly significant. The procediu'e follows: 

r^xA = Square of the coefficient of the correlation between duff 
moisture (X) and relative humidity divided by tempera¬ 
ture (A). 

Square of the coefficient of the multiple correlation between 
duff moisture (X) and six weather factors. 

Number of observations. 

Term 1=1— 

Term 2^E^x. abcdef—t^xa 
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If we multiply term 1 b}"" AW (wiiich is the sum of^ squares for 
variable X), the product equals the sum of squares for X independent 
of the part associated with variables A, B, C, D, E, and F, This sum 
can be considered as the unexplained sum of squares, or “error/^ 
If we multiply term 2 hy NcTx the product is equal to the sum of 
squares for X associated with variables C, D, X, and F, 

The test of sionificance consists in comparing the variance, or 
mean square, derived from term 2 with the variance derived from 
term 1. If the variance of X explained by the variables 5, O, D, 
Ej and F is significantly greater than error, then the correlation involv¬ 
ing all seven variables is really higher than the simple coiTelation 
involving variables X and A. 

Xhen such a test of significance is made in practice, the actual 
values of terms 1 and 2 are used as “relative” sums of squares. 
Since both terms are multiplied by the same value (Na^x), their 
relative values are not changed, and the final test of significance 
(table S) is based upon the mean squares. 


Table S .—Computation of relative mean squares to he used in significance test 


Relative sums of squares 

Degrees of 
freedom 

Relative 

mean 

squares 

.,4 or 0.5142_ _ 

jV —7 nr 21^1 

0.002348 
.006840 

R‘X,a BCbHF—f'XA, or U.0342... 


or 0.54S4... 

N-2 





The mean squares are obtained by dividing the relative sums of 
squares by^ the degrees of freedom associated wdth them, respectively. 

The variance of A" associated with 5, (7, D, X, and F can be com¬ 
pared with error by means of the “2 test” developed by Fisher {!). 
The value of 2 is the difference betwreen the natural logarithms of the 
twm standard deviations; or, in terms of relative mean squaresy 


z~ 


, / 0.006840 

\, 0.002348 


) 


0.5346 


The probability, P, of this valuers being exceeded by chance is 0.015, 
as determined from Fisher^s tables with the degrees of freedom shown 
in table 8, (As is shown by Fisher's tables, 2 = 0.3974 and 0.5522 
w'-hen P=0.05 and 0.01, respectively.) 

According to ordinary statistical practice, P must be 0.05 or less 
if two variances «e to be considered significantly Afferent. In more 
refined tests of significance, P must be 0.01 or less. In this coinpari- 
sqn the odds are slightly greater than 1 to 100 that the observed 
difterenee is due to cdiance. While the influence of variables B to F 
IS probably significant, the inclusion of these- variables for the sake of a 
lurtiier reduction in the remaining variance of about 3 percent is 
iriipraetical 


ESTIMATES OP DUFF MOISTURE FROM ABSOLUTE-HUMIDITY INDEX FOR CLEAR-CUT 

AREA 

The regression equation given in ^ the legend of figure 8 and the 
1 egression line sliowm in the figure, which are based on values computed 
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by standard methods from all available afternoon measurements for 
the clear-cut area, provide a means of estimating duff moisture con¬ 
tent from air temperature and relative humidity combined in the 
form of the absolute-humidity index. The correlation coefficient for 
these two variables was found to be +0.62; since + equals 0.38, it is 
evident that only 38 percent of the variation in duff moisture is 
explained by^the absolute-humidity index. Also, the standard error 
of estimate is ±2.49 percent. Thus, large errors are necessarily 
associated with single estimates of duff moisture based on the absolute- 
humidity index. However, the standard error of an average of esti¬ 
mates varies in inverse proportion with the square root of the number 
of estimates averaged. Thus an average of 100 estimates of duff 
moisture has a standard error of ±0.25 percent, and an average of 50 
estim.ates has a standard error of ±0.35 percent and hence is accept¬ 
able for use in rating the severity of a fire season. 



Figure 8.— -Duir moisture and absolute-humidity index on dear-cut area. (Basis, all available 

afternoon data, 793 observations taken at 4:30 p. m.) n=Relative humidity divided by temperature; 
A'=duff moisture content; correlation coefficient Oxa)=+0.62; standard error of estimate (Sx.a) =d=2.49 
percent; regression equation isX= 10.00.4+3.40. 


The low correlation and its high standard error of estimate preclude 
any possibility of substituting the simple measurement of temperature 
and relative humidity for the more difficult measurement of duff- 
moisture content in field practice. That is, duff moisture cannot be 
estimated from measurements of these two atmospheric factors vith 
a degree of accuracy satisfactory for forest-protection pmposes. Also, 
this method of estimating is entirely inapplicable on the day of a rain 
or on the day following a rain. 


CORRELATIONS BETWEEN DUFF-MOISTURE CONTENT AND ABSOLUTE-HUMIDITY 
INDEX FOR HALF-CUT AND FULL-TIMBERED AREAS 

Correlations between duff-moistures content and the absolute- 
humidity index are somewhat lower for the half-cut and full-timbered 
areas than for the clear-cut area. High fuel moistures tend to prevail 
on shaded areas. As is seen from figure 5, small changes in tempera¬ 
ture and relative humidity have a greater effect on high fuel moistures 
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than on low ones. As a resnlt, no doubt duff-moisture content is in 
equilibrium ’ndtli the tveather less often on timbered sites than in the 
open. Forest cover smooths out rapid fluctuations in weather much 
less than it retards the th-ying-out process in the fuels. 



Fii!BE moisture md absolutc-luimidity index ( ) on haif-cut area. (Basis, 20S obser\'ations 


1 alien at 4::I0 p. m. not less than 5 days after 0.01 incli of precipitation.) .1=Eelatlve humidity divided 
by temperature; A’'=dutT moisture content; correlation coeflBcient (rx.A) = +0.47; standard error of 
estimate (.S'j..ii}~±2.78; regression equation is A''= 7.25^1+9.41. 



FinrnE :0.—DiiiT moisture and absolute-humidity index on full-timbered area. (Basis, 201 

observations^tuken at 4:150 p. in., not less than 6 days after 0.01 inch of precipitation.) For linear regres¬ 
sion, WTOlarion ct*eillcient (rx.i)=+0.50) standard error of estimate (Sx.j)==fc3.61, and regression equa¬ 
tion IS a:=10.23.-1+9.90; for curvilmear regression, correlation mde.x (px..4)-0.59, and standard error of 

estimate==±3.34 i^ercent.) 

Figures 9 and 10 show regressions, correlation coeflacients, and 
.standard errni’s of estimate comnuted from the afternoon data for 
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the half-cat and fiill-tiiiibered sites after elimination of all observations 
made less than 5 days and less than 6 days, respectively, after 0.01 
inch of precipitation. 

On inspection of figures 9 and 10 a legitimate question arises, 
especially^ hi the latter case, as to whether the curve of best fit is a 
straight line. A curve line was fitted to the data in figure 10 and 
its correlation index, symbolized by p, was foimd to be 4-0.59. A 
test of significance performed by KusselFs method, previousl}'- de¬ 
scribed, revealed that there is no real difference between the correla¬ 
tion coefiicient for the linear regression and the correlation index for 
the cinve. Hence, the fit of the straight-line regression is satisfactory. 

Correlations between duff moisture and the absolute-humidity 
index for the half-cut and full-timbered areas are of little practical 
value because of the liigh standard errors of estimate and because 
such correlations cannot be used until 5 days and 6 days, respectively, 
after 0.01 inch of precipitation. 

CORRELATION OF DUFF MOISTURE WITH ABSOLUTE-HUMIDITY INDEX ON BASIS OF 

UNRESTRICTED DATA 

The most usable method of estimating diifi: moisture from the 
absolute-himiidity index would be one that could be applied on rainy 
days and on days immediate^ following rainy days, as well as at 
other times. By any method now available, little seems to be gained 
by making a (‘orrelation of duff moisture with the absolute-humidity 
index on the basis of data including measurements taken during and 
soon after rain. The elfect of such procedure is to make the regres¬ 
sion curvilinear. By the addition of free water to duff during rainy 
periods the duff-moisture content is increased much more than it 
could be increased by atmospheric humidity, even the increased 
humidity existing during such periods. 

By inclusion of rainy-weather data in the basis of a correlation of 
duff moisture with absolute-humidity index for the clear-cut area, 
the correlation coefficient is increased from -f 0.62 to -1-0.76, but the 
standard error of estimate is increased from ±2.49 percent to ±9.19 
percent. Thus an average of 100 observations based upon the curve 
would have the fairly large standard error of ±0,92 percent. 

CORREUVTION OF YESTERDAY’S TEMPERATURE AND RELATIVE HUMIDITY WITH 
TODAY’S DUFF MOISTURE 

The fact is well recognized that forest fuels do not respond instantly 
to sudden changes in the weather. The moisture content of any 
heavy fuel lags considerably. Since duff is an extremely light and 
porous material, its moisture content is more closely correlated with 
atmosiiheric conditions than that of other forest fuels; but even duff 
moisture is slower to change than humidity and temperature. A 
(piestioii arises as to whether dujff moisture lags enough to justify 
correlating today’s diiff-moistui’e content with yesterday’s ■weather. 

The importance of yesterday’s temperature and relative imniidity 
as compared with today’s in relation to current duiff moisture was 
examined by analj'zing the records made on the clear-cut area when 
the number of days since 0.01 inch of precipitation was 2 or more. ^ In 
computing the absolute-humidity index different weights were given 
to the observations taken on the 2 days, respectively. For in¬ 
stance, in one correlation between duff moisture and absolute-bumid- 
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ity index the ladter was an average weighted in the^ ratio of 1 part 
for yesterday to 3 parts for today. Tliis correlation produced a 
liigher coefficient than any of the other combmations, +0.71; but 
the improvement in correlation indicated by this coefficient was not 
large enough to be significant.^ Hence, it appears that duff moisture 
onllie clear-cut area lags behind the weather but slightly when the 
number of days since 0.01 inch of precipitation is 2 or more. This 
restriction on the data has, of course, excluded the influence of most 
periods of unsettled weather, in other words of most of those days 
when the greatest lag in duff moisture would be expected. 


CORRELATION OP K-INCH-WOOD MOISTURE AND ABSOLUTE-HUMIDITY INDEX 

Two correlations^ were made between Jo-inch-wood moisture and 
the absolute-humidity index by use of the afternoon measurements 
taken on the clear-cut area. In the first, all observations made less 
than^ 2 days after 0.01 inch of precipitation were rejected. The 
relation disclosed by tliis correlation (fig. 11), the regression for which 



ABSOLUTE-HUM ID ITY INDEX 

Figi’ee U.—Moistura eontent of li-incL wood and absolute-humidity index on clear-cut area. 

(Basis,^ 222 observations taken at 4:E{) p. in. 2 or more days after O.Ol inch of precipitation.) .4=relative 
ommaitj divided by temperature. F=ifinch-wood moisture content. Correlation coefficient (ty .) = 
-rO.as. Standard error of estimate =±187. Regression equation is Y=10.27.1+1.83. ^ 


IS linear, is slightlj- closer tlian that brought out bv any of the corre¬ 
lations previously made; the coixelation coefficient is -fO.68, and 
the standard error of estimate is ±1.87 percent. In the second 
correlation, use was made of all available afternoon data for the 
dear-ait area, including those that had been rejected in the first. 
As will be seen from figure 12, the regression is curvilinear. This is 
due aunost entu’ely to the influence of precipitation. 

An advantage and a disadvantage are associated ■with use of either 
ol tnese two correlations for the purpose of estimating ‘s-inch-'wood 
moisture from the absolute-humidity inde.v. For estimates based on 
, A regression the coefficient was exceptionally high, 

1 0.90, but the standard error of estimate was ±7,46. * Thus whereas 




Xov. 15, 1935 


Moisture Content of Light Fuels in Forests 


903 


an average of 100 estimates based on the linear regression would 
have a standard error of only ±0.19, an average of 100 estimates 
from the curve would have a standard error of ±0.75. The linear 
regression applies onty when the number of days since 0.01 inch of 
precipitation is at least 2, but the cur^ulinear regression can be used 
for all daj^s. There seems to be little choice between the two, since 
use of the first is restricted and use of the second permits reasonably 
accurate estimates only if at least 100 observations are averaged. 


H 



i* 


FiUiTRE 12.—Moisture content of ^^-inch wood aiul absolute-huiuiiiity index on clear-cut area. 

(Basis, all available afternoon data, 494 observations taken at 4:30 p. m.) For linear regression, corre¬ 
lation coefficient =-i-0.79, and standard error of estiraate=d=10.6 percent. For curvilinear regression, 
correlation coefficient = 4-0.90 and standard error of estimate=±7.46 percent. 

RECOMMENDATIONS FOR FURTHER WORK 

Tbe results of this analysis suggest several recommendations for 
further work. 

Although in this study correlation of total air movement during 
the daytime with the moisture content of lightweight fuels revealed 
no significant relation, it is possible that a significant relation exists 
between Avind velocity during the hours of rapid drying only, say 
9 a. ni. to noon, and afternoon fuel moisture. The effect of wind 
should be further investigated. 

It might be well, also, to investigate under northern Rocky Moun¬ 
tain conditions some variables not considered in this analysis, such 
as solar radiation and soil moisture. Results of a study by Stickel 
(10) indicated a slight coiTelation between these two factors and duff 
moisture in the Adirondacks. At present satisfactory methods of 
measuring these variables are wanting, especially in the case of soil 
moisture. 

44364—36-4 
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Some valuable information niiglit be obtained tliroiigii study of 
the correlation between fuel moisture and saturation deficit of the 
atmosphere: that is, the quantity of water vapor that would liaA^e 
to be added to the atmosphere at a given time in order to produce 
saturation. This factor provides a measure of the drying power of 
the atmosphere. 

SUMMARY 

Ill efforts toward satisfactory control of the forest fires that do 
treiiieiidoiis damage in the United States each year, especially in 
tlie northern Rocky Aloiintain region, forest administrative officers 
are aided by current knowledge of fire danger—that is, of the sum 
total of the^ factors that determine wdiether fires will start, spread, 
and do damage. A complete understanding of current fire danger 
is difficult to obtain, because many factors are involved. By making 
observations or measurements of several of the most important 
factors and properly integrating them, however, the forest protection¬ 
ist can determine the relative fire danger existing at a given time 
and place. Such a determination guides him in deciding whether 
and if so how much lus force should be temporarily expanded or 
reduced, and how it should be distributed. In addition, through 
knowledge of the influence of given factors on fire danger the pro¬ 
tectionist is assisted in interpreting w^eather forecasts and thus in 
preparing for all classes of fire danger that are likely to arise. 

Fuel-moisture content has a very important bearing upon the ease 
with which fires start and the rate at which they spread. Weather, 
in turn, is the principal determinant of the moisture content of fuels. 
Current weather l)ears an especially close relation to the moisture 
content of duff and small branch wood, two fuels that are very widely 
distributed and that carry fire from tree to tree and from log to log. 
The relation between individual weather elements and the moisture 
content of these lightweight fuels must be understood before the 
proper weight can be assigned to each of the many weather factoids 
that contfibute to fire danger. 

At the Priest River, Idaho, branch of the Northern Rocky Moun¬ 
tain Forest and Range Experiment Station, simultaneous daily 
ineasurcunents have been made, beginning in 1924, of duff-moisture 
auitent and the following weather elements and related factors: Max¬ 
imum, mijiiiiiiim, and current air temperature: temperature of the 
dew point; current, minimum, and average relative humidity; precipi¬ 
tation, and the number of days since O.Ol, 0.10, 0.20, 0.30, and 0.40 
inch, respectively, of precipitation; and evaporation. Beginning in 
1929, measurements w'ere made also of b-mch-wood moisture. Wind 
and iiiaxioaum duff temperature were added in 1930. These measure- 
iiieiits have been made on three adj accent sites in the wu^stern wiiite 
pine type, approximately alike in all respects except that one is clear 
cut. one-half cut, and one fully timbered. 

The fundamental relations betw^een the individual 'weather ele¬ 
ments measured and duff-moisture content for the clear-cut area were 
examined by means of multiple-correlation analysis. The results 
of the^ analysis do not apply to a rainy day or to a day immediately 
following rain. Datii for such days w^ere eliminated to avoid per¬ 
sonal errors of fitting freehand curves and to facilitate analysis, 



Nov, 15, 1935 


Moisture Content of Light Fuels in Forests 


905 


The analysis has definitely shoiTO that of the weather elements and 
related factors examined current air temperature and relative hu- 
niidity have the most important eflect upon the moisture content of 
surface duff. Of 14 other weather factors studied, the most import¬ 
ant were found to be wind, evaporation, duff temperature, tempera¬ 
ture of the dew point, and number of days since 0.01 inch of pre¬ 
cipitation. Current air temperature and relative humidity were 
found to explain all but about 3 percent of the total variance in duff- 
moisture content associated with those factors and the additional 
factors just listed. Thus inclusion of the latter in further correla¬ 
tions was impractical. 

In tliis analvsis great advantage resulted from the use of the vari- 
RH 

able which represents the ratio of relative humidity to air 

temperature and constitutes an index of absolute humidity. One 
advantage foreseen in a method of estimating fire danger through use 
of this variable was that it would make possible fire-danger ratings 
for the past seasons during which records were made of air temperature 
and relative humidity but not of duff moisture. 

Correlations of duff moisture with relative himiidity and air 
temperature showed errors so large as to preclude all possibility that 
estimates of duff moisture based on simple measurement of humidity 
and temperature can be substituted satisfactorily in field practice 
for actual duff-moisture measurements. Averages for as many as 50 
estimates based on these correlations, however, are acceptable for use 
in rating the severity of a fire season. 

Coefficients of correlation of duff moisture with relative humidity 
and air temperature for the half-cut and full-timbered areas were 
slightly lower than those for the clear-cut area, and had larger errors 
associated with them. The usefulness of these correlations is re¬ 
stricted also by the fact that they do not apply until 5 days and 6 
days, respectively, after rain. 

Coefficients of coiTelation of If-inch-wood moisture with relative 
humidity and air temperature for the three areas differed but little 
from those of dufi’ moisture. 
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THE EFFECT OP DIRECTION OF ILLUMINATION UPON 
THE VISIBILITY OP A SMOKE COLUMN ' 


By Charles C. Bvc^, junior forester, and Wallace L. Boss, junior engineer, Cali- 
foruia Forest and Range Experiment Station, Forest Sendee, United Slates 
Departineui of Agriculture - 


INTRODUCTION 

Preliminarr iiiTestigations in the detection of forest fires at the 
California Forest and Range Experiment Station were based on 
the assumption that the visibility of smoke columns in the field 
would vary as the visibility of the landscape with varying conditions 
of atmospheric suspensoid concentration and with the position of 
the sun. This led to the determination of the effect of direction 
of the sun with respect to the observer’s line of sight upon the visi¬ 
bility of natural features in the landscape through analysis of a 
large number of lookout observations of natural targets on the 
Shasta National Forest. Later observations of test-fire smokes^ 
however, indicated clearly that the visibility of smoke columns as 
reflected in fire-discovery time does not vary in the same manner as 
landscape visibility. The following laboratory experiment was 
de\ffsed, therefore, to determine in just what manner the visibility 
of a smoke column varies with different positions of the sun with 
respect to the observer's line of sight. 

MATERIAL AND METHODS 

With other factors constant, the visibility of a smoke column 
varies as a function of its brightness. In order to isolate and measure 
the variation in visibility due to changes in brightness, the variable 
influences of background, glare, and atmospheric suspensoid were 
eliminated from the experimental set-up.^ The two elements pri¬ 
marily concerned in the relationships to be determined, then, were 
a column of smoke and a light beam of parallel rays. 

Figure 1 shows the arrangement in plan and elevation of the 
equipment as it was set up for the experiment. The beam of parallel 
rays was produced by a 400-watt projection lantern (a) with the 
projection lens removed, operating on an alternating-current circuit. 
A wooden frame in the form of a tank, 3 feet deep and 12 feet in 
diameter, was built and set 1 foot above the floor. This tank was 

1 Received for publication June 15, 1935; issued February 1936. 

2 The authors wish to acknowledge indebtedness to A. A. Brown, associate silviculturist at the Cali¬ 
fornia Forest and Range Experiment Station, who initiated the experiment, made arrangements for 
obtaining the laboratory in which it was performed, and gave considerable time to the general supervision 
of the work. They also wish to thank Professor Minor of the optometry division of the University of 
California for his interest and for suggestions offered in organizing the experiment, and Professor Boelter 
of the engineering department of the university for his cooperation and for his kindness in offering criticisms 
of the original manuscript. 

3 Certain conclusions, however, relative to the effect of atmospheric suspensoid material upon visibility 
have been drawn from the laboratory observations. 
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lined with black builder's felt to eliminate variatious in background 
and minimize the reflection of stray light. In the center of the tank 
was placed an inverted funnel-shaped hood (b) in which the smoke 
was produced. Eight inches above the top of the hood was placed 
a flue (cO to carry ofl' the smoke and create a draft to keep the smoke 
in a uniform column. A specially constructed tube id) was placed 
in front of the projector to adjust the size of the light beam and 
absorb the small amount of nonparallel rays produced by the pro¬ 
jector. The beam of light was directed through the side of the 
tank at a height 2 inches above the top of the hood in the center of 
the tank. An S-incli tube 3 feet long with one end closed (e) was 
hung in line vuth the beam of liglit to intercept it after it had passed 
through the smoke column, thus eliminating any reflection from the 
opposite side of the tank. The projector was mounted on an ele¬ 
vating frame (Jj so that the light soxirce could be adjusted to corre¬ 
spond with various elevations of the sun. All equipment was painted 
with flat black paint and observations were made in a totally darkened 
room. 

The smoke colunm was produced by burning Chinese punk, the 
desired concentration of smoke being obtained by varying the num¬ 
ber of punks burned at one time. A baffle plate at the lower end 
of the neck of the hood broke up the smoke and produced a uniform 
column 2% inches in diameter regardless of the number of pimks 
burned. The pimk burned at a uniform rate and produced a smoke 
similar in color to actual smokes observed in the field. 

The diameter of the light beam was adjusted to the diameter of 
the smoke column so the apparent illimiinated area of the smoke 
remained approximately the same regardless of the position from 
which it was observed. 

A Macbeth illuminometer was used to measure the brightness of 
the illuminated smoke column. Measurements of smoke visibility 
given are based on the brightness of the smoke measured with this 
instrument in international candles per square foot. 

Measurements of brightness and visibility of the illimiinated 
smoke column were made at observation stations placed at intervals 
of 22 ^ 2 ^ around the tank in the same horizontal plane as the illumi¬ 
nated portion of the smoke column. These stations are designated 
by the angle abh in the diagram, in which the illuminonieter (h) is 
shown at stotion 135°. 

EXPERIMENTAL DATA 

In the preliniiiiaxy laboi^atory tests, observations with the Bennett- 
Casella visibility meter/ used for visibility measurements in the field, 
were made simultaneously with observations^ with the Alaebeth 
illuminometer in order to establish the relationsliip between the 
brightness of the smoke and the visibility-meter readings with a 
black background. Table 1 is a simimary of the average brightness 

i Bennett, M, G. A visibeity metee. Jour. Sei. Instruments S (4): 123-120. 1931. 
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values obtained. In figure 2 visibility-meter readings are plotted 
iiver these values on a logarithmic scale. Since the plotted points 
fall along a straight line it follows that the visibility-meter readings 
are a simple multiple of the logarithm of the brightness. 



BRIGHTNESS (candles PER SQUARE FOOT) 


Figure 2,—'Relationship of Bennett-Casella visibiUty«meter reading to brightness of smoke column. 


Table 1. Relationship between Beiineii-Casella visihility-metef readings and 
brightness measurements of smoke columns 


Visibility-meter reading 
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There is a decided inequality in the graduations of opacity of the 
vmons filters in the visibility meter, resulting in the failure of the 
plotted_ values in figure 2 to fall exactly on a straight line. This 
inequality in the steps of opacity also gives visibility-meter readings 
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sliglitly too low^for low values and approximately tlie same amount 
too^ high for high values (fig. 3). The approximate relationship 
indicated, liowever, when brightness is expressed in candles per square 
foot, is—■ 


T^=3.6 



(candles) ' 

(square foot) ^ 


where T"is visibility-meter reading. 



Fkiltre 3.~Effect of direction of illumination on the visibility of a smoke column. 

Ill the preliminary observations a large number of brightness 
measurements was made with the line of sight in a horizontal plane 
and the light source in positions varying from horizontal to a vertical 



angle of 50° with respect to the smoke column, and the effect of direc¬ 
tion of illiimmation on the brightness of the smoke coliinin was 
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deterinined. Considerable A-ariation Avas noted in brightness meas¬ 
urements taken at different times, resulting in differences in the 
numerical A'alucs obtained. A representatiA'e set of measurements 
is dA'en in table 2 and shoAvn graphically in figures 3 and 4. The 
andes indicated are the angles measured at the smoke botAA'een the 
lidit source and the obseiTer. Visibility-meter readings given are 
determined from the brightness measurements through the relation- 
slup shown in figure 2. This aauis done to smooth out the roughnesses 
in individual A'isibility-meter readings. 

Table 2. — Kffcd of iliredion of iUirmindiiott vpon the hrighincs.^ of a HVioJce coluntn ^ 



; 1 
: Ilhiimiioin- 
; derreadinii; -; 

Brightness 
/ candle^ \ j 
V-Sfinarefoot/ ! 

1 Log (BX 104) j 

[Log (/>’XI04jJX3.G 

Vi.siinlity- 
; meter' 

reading 

o.u. 

..!. 
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2.477; 
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8. (3 

11,26. 
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2.39(3 1 
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i 2.342 
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8.0 
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4.23-4'J 

.0331 

2. 520 
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8.8 
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.0GS4 i 

1 2.835 
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3.233 
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12.0 
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1 3.590 
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13.5 
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1 Smoke deasiS5*=5 punks; vertical angle; incident ligiit=0=, observation^0°. Variation in illumination 
ai smoke coJuran-9idj to 90.0 foot-candies. Tabulated values in column 2 are averages of values taken at 
]»lus and minus horizontal angles; values for 0® and ISO® in column 3 are extrapolated; values in column G 
taken from figure 2. 

- jilterno. 49---eandles/square foot—reading X O.OOTS-l; filter no. 12—candles/square foot-reading X 0.0277 

Several sets of observations resulted in variations in the numerical 
values of brightness obtained, but the trends of increasing brightness 
with increasing angle were all of the same shape. These variations 
were traced to two varying factors in the set-up: Light intensity of 
the source, affected by changing voltage in the light circuit; and 
density of the smoke column, affected by changes in the draft up 
the flue, which depended both upon oiffside air temperature and 
temperature of the room. To eliminate these variations, a voltmeter 
was placed in the light circuit and a photronic celP in the light 
beam behind the smoke column. It was assumed that when the 
voltage remained constant any variation in the reading of the pho¬ 
tronic cell -was caused by variation in tlie smoke density. In the 
final observations readings were taken only when the voltmeter and 
photronic cell measured constant A^alues. 

After the trend of brightness had been established for various angles 
between the light source and the observer with both in a horizontal 
plane, several series of observations were made with the line of sight 
of the observer in a horizontal plane but with the light source raised 
to various vertical angles to correspond with the varying elevations 
of the sun. The results obtained from these observations did not 
check with computed values, for the reason that elevating the light 
source increased the volume of smoke illuminated, thus increasing 
its apparent brightness. In the held, where the entire smoke column 
is in sunlight, an increase in the elevation of the sun does not increase 
the volume of smoke illiiminated. With the light source in a hori¬ 
zontal^^ a series of measurements of brightness was made from 

Vr. N., Jr. the photronic illumination meter, lllurainatme; Eni?in. Sac. Tmns. 27: 
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various vertical angles at different horizontal stations. The values 
thus obtained corresponded with the values obtained in a horizontal 
plane at an angle equal to the “spherical” angle between the light 
source and the observer. These observations indicated that the 
angle measured at the smoke column between the light source and 
the observer determines the effect of direction of illumination on 
the visibility of a smoke column regardless of the azimuths and ele¬ 
vations of any of the three points. All later observations were taken 
in a horizontal plane, since the horizontal angles between light source 
and observer could be substituted for “spherical” angles direct!v. 
In figure 5 is shown the effect of direction of illumination for different 



HORIZONTAL ANGLE 

Figure 5.—Effect of different elevations of the light source on visibility of a '^raoke column. 

elevations of the light somne. Table 3 gives the equivalent angles 
for different horizontal and vertical components. 

Table 3. —Angle between light source and observer for given horizontal and vertical 

angle componcnts 
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}^Ieas!ireiiieiits of tlie effect of concentration of the smoke column 
on its brightness and on its light-transmission factor were made at 





CONCENTRATION OF 5M0KE 


Figuee 6 .~~Effeet of coccentration of smoke on iis brightness for different angles (indicated on curves) 
between (horizontal) light source and observer. 

the same time. The concentration of smoke was varied by placing 
additional punks under the hood, the number ranging from 1 to 14. 
The heat caused by more than this number produced an exceptionally 
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ANGLE BETWEEN INCIDENT LIGHT AND OBSERVER 

SretjKE 7.—Effect of direction of illumination on brightness o fa smoke column for different concentrations 

of the smoke. 

strong draft, wMch resulted in discrepancies in both brightness and 
•«^nn„„>.QTr.or>^■a T?.p,a.nlinM of briehtness were taken 
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at five stations for each change in concentration of the smoke ftable 4). 
These values are shown grapliieally in figure 6. Figure 7 is derived 
from figure 6 by cross-plotting the five curves in the latter. 

The photronie cell was used to record the foot-candles of light 
passing tlu’ough the smoke column. For each change in the con¬ 
centration of the smoke, as determined by the number of punks 
burned, the meter of the photronie cell was watched, and the reading 
that seemed to represent the most stable and uniform condition of 
the smoke was tabulated. These values for the various concentra¬ 
tions are given in table 5 with their corresponding percentages of light 
transmission, which are presented graphically in figure S. 



Fkifre 8.~Et!ect of concentration of a smoke column on its transmission of light. 


Table 4. —Effect of concentration of the smoke on the brightness of a smoke column 
at different angles between light source and observer ^ 
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1 Illumination at smoke eolumn: 130.0 foot-candles. 
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Takle 5 .—Eftcl of cohcehlralion of a smoke column on transmission of light 
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Xo nieasiireiiieiits were made of the effect of suspensoid in the 
atmosphere, since there was no way in which the suspensoid could be 
illuminated uniformly in the laboratory. The foot-candles of light 
from a point light source decrease as the square of the distance from 
tlie source; hence the atmospheric suspensoid would be much more 
st.rongly illuminated near the light source than at some distance 
from it. This relationship was checked in the laboratory. For the 
same reason no obserTations were made with illuminated backgrounds. 

It was observed that the veiling brightness of the illuminated at- 
mosplieric suspensoid increased in the same manner as the brightness 
of the smoke column when the angle of observation with respect to 
the light source was increased. Incidentally it was noted that a 
smoke column illuminated only by diftiised light was visible through 
a considerable density of atmospheric suspensoid as long as the line 
of sight through the suspensoid was in shadow. IVhen the line of 
sight passed tliroiigh a short distance of illuminated suspensoid^ 
however, the smoke column became decidedly less visible even though 
the observer was in shadow. The observer here remained in shadow 
to eliminate the effect of glare. 

DISCUSSION 

Before any general conclusions can be drawn, some explanation of 
the various measimements of brightness and visibility must be made. 
In the laboratory, color contrasts were not considered and back¬ 
ground was held constant vith a brightness of zero. The visibility 
of the illuminated smoke cokmiii was therefore a function of its 
brightness. 

According to Fechner’s law, the eye reacts to variations in the 
stimulus as the logarithm of the stimulus. Thus the visibility of the 
smoke column varies as the logarithm of the brightness. A compari¬ 
son of figures 3 and 4 indicates the relationship between the bright¬ 
ness of the illuminated smoke column and its visibility. The bright¬ 
ness measured in absolute units in figure 4 increases, from a minimum 
at an angle between light source and observer of 45°, to approximately 
19 times this value at an angle of 170°. In figure 3, however, when 
the logarithmic values are plotted, it is seen that the visibility in¬ 
creases only by approximately 6214 percent in the same interval. 
A further study of figure 4 indicates that Bennett-CaseUa visibility- 
meter readings are approximately in proportion to the visibility of 
the smoke column. 
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Some consideration sliould be given to the cause of the plieiiomenon 
of increasing bright ness with increasing angle between the light 
source and line of sight of the observer, as illustrated in the curves of 
figure 7. The brightness of the smoke eolumii observed at angles of 
less than 90^ is caused principally by light reflected bv the smoke 
particles, while at angles greater than 90° the brightness is caused 
largely by transmitted scattered light. Since the smoke colimin 
transmits much more light than it reflects, the brightness of the 
column is considerably greater when observed from the larger angles. 
Light incident on a smoke column is either reflected or scattered and 
at least partially polarized, depending on the size and character of 
the individual smoke particles; and the light reflected or scattered 
by each particle may be reliected or further scattered many times by 
additional particles in its path. The ininimiim brightness measure¬ 
ments obtained were recorded at station 45°, the sum of the multiple 
reflected and scattered light being at a miniiniim at this point. This 
causes the curves to take the fonn of a trigonometric function of the 
angle between light source and observer 45° out of phase. 

The phenomenon of increasing brightness of smoke with increasing 
angle between the sun and observer is of importance because it not 
only determines the relative intrinsic visibility of a column of smoke 
as determined by the direction from wliieli the smoke is observed, 
but has a strong influence on the detrimental effect on viability of 
haze in the form of solid suspensoid material in the atmosphere. 

In addition to producing a veiling brightness wliich lowers visibility 
by decreasing the contrast between the smoke column and its back¬ 
ground, suspensoid material in the atmosphere also decreases the 
\isibility of an object by decreasing the transmission of light reflected 
from the object through the atmosphere to the observer. Figure 8 
illustrates the manner in which this transmitted light is decreased by 
various concentrations of suspensoid material in a smoke column. 
It is assumed here that light transmission tliroiigli a longer distance 
of less concentrated suspensoid would follow the same trend as that 
indicated for the smoke cohmm. Further laboratory work is now 
being planned to determine the relative effects of concentration and 
distance upon the transmission of light through an atmosphere con¬ 
taining siispensoi<l material. The relatively liigli light-transmission 
factor of a snu^m column o])taitied in the experiineiit indicates that 
in general the detrimental effect on visibility of an atinospherie 
suspensoidisprobably more attributable to veiling brightness than to 
decreased light transmission. 

CONCLUSIONS 

Although it is unlikely that relationships observed in tlie laboratoiy 
would ever be as sharply defined in the lieldj where a large number of 
variable factors is inevitably encountered, the same trends will be 
followed. The results of a series of laboratory experiments to deter¬ 
mine the effect of certain factors on the visibility of a smoke column 
may be given, then, in terms of field observations, as follows: 

(1) The angle measured at the smoke between the sun and the 
observer determines the effect of direction of illumination _on the 
visibility of a smoke column regardless of its azimuth or position of 
the sun as determined by the time of day. 
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(2) In an atiiiospliere containing little or no siispensoid material, 
the yisibility of a smoke column is influenced appreciably by the 
relative position of the sun with respect to the line of sight of an 
observer. There is little variation in the visibflit}^ of the smoke 
column with changes in the angle between the incident light and line 
of observation from 0^ to 90°—that is, with the sun varying in posi¬ 
tion from directly behind the observer to a line at right angles with 
his line of sight. When the angle is greater than 90° there is a very 
marked progressive increase in the visibility of the smoke until the 
observer is looking almost dhectly into the sun. The smoke is not 
visible when the sun forms its background. 

(3) ^\Tien there is an appreciable amount of suspensoid material 
ill the atmosphere there is a decrease in the visibility of a smoke 
column viewed through the atmosphere owing to a combination of 
twn factors—decreased light transmission factor of the atmosphere 
and veiling brightness of the suspensoid material. The first factor 
is constant for a given suspensoid concentration, while the second is 
present only when the suspensoid is illimiinated and varies not only 
with suspensoid concentration but also with direction of illumina¬ 
tion with respect to the observer's line of sight. 

(4) The visibility of an object is decreased when the concentration 
of atniosplieiic suspensoid through wiiich the object is view^ed is 
increased. When the sun is beliind or at right angles to the observ¬ 
er s line of sight, this decrease in visibility may be caused largely 
by decreased light transmission of the atmosphere, but with angles 
between the sun and observer greater than 90°, the detrimental effect 
of veiling brightness on visibility is much greater. 

(5) The increasing brightness of suspensoid particles with increas- 
angle betw^een the sun and observer’s line of sight definitely 

affects the ease with wiiich fires may be detected by lookout observers. 
When there is present an appreciable concentralion of atmospheric 
suspensoid material, tlie visibility of landscape features in the general 
direction of the sun is decreased by the veiling brightness of the 
suspensoid material. The same factor, however, winch causes the 
increased brightness of the atmospheric suspensoid also increases 
the brightness of a smoke column observed in that direction. The 
net result, then, is that even with a relatively liigh concentration of 
atmospheric suspensoid material present, smoke columns may be 
detected more readily and at greater distances in the general direction 
of the sun than in the opposite direction. 



TOXICITY OF ALUMINUM SALTS TO TOBACCO PLANTS'^ 

By Walter S. Eisexmen’ger 

Head of Department of Agronomy, Massachusetts Agricultural Eiperimrni Staimn 

INTRODUCTION 

It lias been suggested that certain diseases which affect tobacco 
when it is grown after corn, timothv, or red clover may have their 
origin in the soluble aluminum salts of the soil. The principal difS- 
ciilty in such rotations has been the development of the so-called 
“brown root roU’ of tobacco. The present study was undertaken to 
determine whether soluble aluminum salts have the capacity to en¬ 
gender tliis disease. 

The relatively large amount of aluminiiiii in the earth crust 
suggests that a considerable amount of this element would be found 
in the soil solution. However, the extreme insolubility of aluminum 
silicates prevents a rapid accumulation of aluminuni in the ionic 
state. This means that aluminum salts of the weak acids are not 
higlily soluble. Thus it may be anticipated that conditions for 
soluble aluminum would be more favorable when the hydrogen-ion 
concentration of the soil is high and the concentration of other salts 
usually found in soil is low. 

EFFECT OF ALUMINUM ON TOBACCO PLANTS GROWN 
IN SOLUTIONS 

Tobacco planted on September 18,1934, and harvested on December 
6, 1934, was grown in a complete nutrient solution (Knop’s solution) 
on alternate 2 days, and during the intervening 2 days in various 
solutions of aluminum citrate. The containers were of i-quart capa¬ 
city. During the entire period Knop’s solution with a trace of boric- 
acid was used as the standard and in this the controls were grown. 
Five plants were grown in each solution. The quantity of aluminum 
taken up by the roots of the plants in the different solutions was as 
follows: 


; Party per j! 

Percentage proportions of 0.000 molar ^^ercentage proportions of O.CKB molar 

aluminuni citrate, added to culture aluminum citrate, added to culture 

solutions II 

plants !;' 


I Parts per 
i million of 
lalamlnum 
! in roots of 
i tobacco 
; plants 


Control. 

. 


, 7 -. 

15 . 

no. 


a ii 50„. 
1 ii 70-, 
6 !j S5.-, 
12 i! 95,- 
:i61 i! 9S- 
.702 i; 100- 
li 


503 
569 
597 
89S 
2,165 
2,165 


t Zero indicates distilled water. 

Plants grown in aluminum citrate showed definite signs of toxicity. 
The general toxic effect was more pronounced in the roots; but, as 

1 Received for publication Apr. 23,1935; issued February 1936. Published as contribution no. 211 of the 
:*vlassachusetts Agricultural Ex{>eriment Station. 
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compared to tlie controls, the tops showed a slightly more retarded 
growth than the roots. The most marked retarding influence of 
Suminum citrate began to be apparent in concentrations between 
0.0009 M and 0.0018 hi. Among the plants in other experiments, 
including plants in the seedling stage, the decrease in growth rate was 
more rapid at the above-mentioned concentrations. Thus the retar¬ 
dation in growth rate was greater ■nith the percentages between 15 
and 30 percent of the total concentration 0.006 M; that is, approxi¬ 
mately 24 to 48 parts per million of aluminum. At concentrations 
higher than this the plants showed only moderately increased effects 
of toxicity up to 162 parts per million, or 100 percent of 0.006 M. 
hIcLean and Gilbert - found that aluminum in aluminum citrate, in 
quantities from 3 to 13 parts per million, was stimulating to plant 
life, wMe in larger amounts it was toxic. 



Figcbe 1.—Tobacco plants grown for alternating 2-day periods in complete nutrient solutions and in water 
containing various percentage proportions of O.OOS-molar aluminum citrate solution; No. 1, control; no. 
2, 0 (distilled water); no. 3, 2; no. 4, 5; no. 5,15; no. 6, 30; no. 7 , 50; no. 8, 70; no. 9, 85; no. 10, 95; no. 11, 
98; nt>. 12,100 percent of 0.006-molar aluminum citrate solution. 

The plants grown in distilled water in alternate 2-day periods and 
in a complete nutrient solution in the intervening 2-day periods, 
showed retarded growth rate as compared with the plants grown in 
a complete nutrient solution during all the days of experimentation. 
The plants which received aluminum in relatively small amounts, as 
0*00012 M, showed no stimulation of growth because of the presence 
of aluminum. 

The plants affected by aluminum acquired a darker foliage than 
normal plants and the tops were not as large (fig. 1). These tops 
did not appear to be diseased or abnormal like those of plants in¬ 
fluenced by single ions of the alkalies, or alkali earths, but appeared 
to be suffering from a lack of nutrients. The toxicity of the aluminum 
to the root was manifested by the retardation of growth of the primary 
root, and in cases of more definite and severe toxicity the lesion 
became so intensified that it assumed the nature of an abscission with 
tissue sloughing off and lateral roots taking the place of the primary 
one. In cases of more marked injury of root tip, when the solution 
was changed from aluminum only to complete nutrient solution, a 
white flocciilent substance formed on the end of the injured root. This 
was apparently in part a phosphate or hydrosol of aluminum formed 
from the drop adhering to the injured root from the previous aluminum 

2 :McLean, P. T., and Gilbeet, B. E. tonicity. Plant Physiol. 3:293-302. 1928. 
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solution and in part an exudate from the injured tissue. The aluiii- 
iniim is apparently located in the superficial layers of the root and 
eventually leads to reduced intake of nutrients. 

Although local brown areas were observed, there was no general 
browning of the roots as is the case when brown root rot occurs in 
fields. In other words, there appeared to be no relation between the 
toxic effect of alimiinuni and the symptoms of brotvii root rot. 

The lethal dose of aluminum citrate for tobacco is not known. The 
plants when removed from the toxic solution and placed in a more 
favorable medium seem to have marked capacity for recovering, 
liateral roots are thrown out above the water line of the nutrient 
solution, and only the portion in the toxic solution seems to be affected. 

It would seem that the presence of excessively large amounts of 
aluminum in plants grown in solutions of relatively Hgh concentra¬ 
tions of aluminum citrate is due in part to imbibition only to areas 
characterized as superficial layers of tissue. 

It is apparent from the work of prerious investigators, and from 
the present investigation, that aluminum occurs in greater {ibimdance in 
the roots than in the tops. With this in mind an analysis was made 
of aluminum in the roots of tobacco plants grown at the different 
aluminum concentrations showui on page 519. The method used was 
that of Winter, Thrun, and Bird,^ according to wliicli the colors 
developed in the presence of aurintricarboxylic acid are compared. 
It was found that much aluminum was taken up by the plants growing 
at high concentrations of aluminum (fig. 1). The high values of 
aluminum in the plants began wdien they were grown at 15 percent 
of the 0.006 molar concentration, and this is the percentage at which 
the growth curve begins to fall perceptibly. At lower concentrations 
there was no great toxicity. At 15-percent concentration there was 
present in the solution an approximate total of 24 parts per million 
of aluminum. At the extreme high concentration there was a large 
intake of aluminum without a subsequent pronounced lowering of the 
growdh curve. The tops of the plants contained less alummum than 
the roots, but the amounts did not seem to be in proportion to the 
quantity added to the solution. The small amount of aluminum 
found in the plants grown in distilled water and in the controls may 
probably be accoimted for by the fact that these plants had grown in 
soil before they were transplanted, and had taken up aluminum 
from the soil at a very early stage of growth. 

EFFECT OF CALCIUM IN CORRECTING THE TOXICITY OF 
ALUMINUM TO TOBACCO PLANTS GROWN IN SOLUTIONS 

It has been assumed that ionic calcium has the capacity to counter¬ 
act the unfavorable effects induced by an unbalanced proportion of 
other ions. To determine the validity of this assumption a series of 
tests was made. Calcium nitrate and aluminum citrate were used in 
varying proportions in a complete nutrient solution. Aluminum 
citrate does not readily precipitate over a mde range of hydrogen-ion 
concentrations. There were eight sets of molecular proportions of 
the two salts calcium nitrate and alummum citrate as shown in table 1, 
which gives the percentage proportions of 0.006 M of each salt. 

3 Winter, 0. B., Theun, W. E., and Bird, 0. D. the determination or aluminum in plants. 

I. ASTUDYOPTHE USE OF AUEINTEICARBOXYLIC ACID FOR THE COLORTMETEIC DETERMINATION OF ALUMINUM. 

JooT. Am&i. Chem. Soc. 51: 2721-2731, illus. 1929. 
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Tlie test plants were grown in solutions which were like those of 
the controls except that they contained varying amounts of aluminum 
and calcium, and four times as much potassium nitrate. Thus, 0 to 
100 percent of aluminum citrate and an inverse percentage proportion 
of calciiiiii nitrate. The plants used as controls were grown in 
Knopfs solution without modification. The solutions ^vere changed 
twice a week. The age of plants when harvested w^as 2]^ months. 
Five plants were used for each concentration. 

In those solutions containing the maximum percentage proportions 
of aliiniiniini citrate the reaction was approximately equivalent to 
a pH of 4, while those with minimum amounts of the salt had a pH 
equivalent to about 5.9. 



FiiRtre 2.—Tobacco plants grown in medium in which only calcium nitrate and aluminum citrate w’ere 
varied, the other nutrients being kept constant. The following numbers express the relative percentage 
proportions of O.OOfi molar calcium nitrate and of 0.006 molar aluminum citrate used: 1, Control; 2,100 per¬ 
cent calcium nitrate+0 percent aluminum citrate; 3, 95 percent calcium nitrate+5 percent aluminum 
citrate; 4, 85 percent calcium nitrate+15 percent aluminum citrate; 5, 50 percent calcium nitrate+50 
percent aluminum citrate; 6, 25 percent calcium nitrate+75 percent aluminum citrate; 7, 15 percent 
calcium nitrate+85 percent aluminum citrate; 8, 5 percent calcium nitrate4-95 percent aluminum citrate; 
9,0 percent calcium nitrate-f 100 percent aluminum citrate. 


The plants receiving no calciimi were stunted, as indicated by their 
roots and tops. T\Tiere a small amount of calcium was added (0.0003 
jM Ca(N 03 ) 2 ), the tops were approximately 3 times as tall as those 
of plants in solutions containing no calcium, and the dry weight of 
these plants vras 9 times that of those in the calcium-free solution. 

The most perceptible effect of low calcium on the tops was the 
retarded development of the primordial meristem. The leaves at 
the apex of the plant seemed to unfold with diflB.culty. The color 
was darker than that of normally growing plants, indicating that 
the roots were not permitting the intake of the small amount of 
calcium that w^as present. The roots of the plants that grew in 
the highest amount of aluminum had abscissions at their ends, and 
to these ends a flooculent precipitate adhered. It would seem that 
the aluminum was taken in and precipitated and then the degenera¬ 
tion of tissue took place (table 1 and fig. 2). 

It is apparent that plants grown in soil or water solutions do take 
up an appreciable amount of aluminum. Where aluminum is present 
even in moderate quantities, the plants, especially the roots, contain 
far more proportionately than is present in a soluble state in the 
soil. 
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Table 1, — Growth of tobacco plants as affected by various molar proportions of 
aluminum citrate and calcium nitrate 


Percentage proper- ' 
tions of 0.006 mo- | 
laraliiminumcit- j 
i rate and calcium 
nitrate used 

Average height and ' 
weight of tobacco ' 
plants expressed ; 
as percentages of i 
the growth in ; 
standard solu- ^' 
tion 

Percentage propor¬ 
tions of 0.006 mo¬ 
lar aluminum cit¬ 
rate and calcium 
nitrate used 

Average height and 
weight of tobacco 
plants expressed i 
as percentages of j 
The growth in : 
standard solu- : 
tiun 

i Alumi¬ 
num 
citrate 

Calcium : 
nitrate j 

Height ‘ 

Weigh! 

Alumi¬ 

num 

citrate 

: Calcium 
nitrate , 

Height 

Weight 

’ 100 

0 : 

2Z j 

6 l' 

50 

50 

SO : 

74 

95 

5 ! 

58 

34 

15 

S5 i 

95 

ltd 

* 

15 i 

75 

59 ■; 

5 

95 

im 

105 

75 

25 i 

76 i 

63 

0 

100 

90 

91) : 


Unless other factors obtain, such as the presence of an excessive 
amount of organic matter or phosphates, a large amount of aluminum 
occurs with a high concentration of hydrogen ions. It is not clear 
whether this is the result of hydroloysis of aluminum compounds, or 
whether a reaction is initiated by the action of hydrogen ions upon 
the otherwise rather insoluble aluminum compounds. Energy factors 
bringing about equilibrium of reaction need to be considered. 

AMOUNT OF SOLUBLE ALUMINUM IN SOILS IN WHICH TOBACCO, 
CORN, TIMOTHY, AND CLOVER HAD BEEN GROWN 

The aspect of brown root rot of tobacco in soils which are subject 
to rotation is well recognized in the Connecticut Valley. It is not 
uncommon to find the disease when tobacco is planted after timothy, 
clover, or corn, but not on land where tobacco has grown for several 
years in succession. 

Although there is not, to the writer, a rational basis for supposing 
that different crops increase the amoimt of available aluminum in 
the soil, analyses were made of soils of the same type which had 
grown tobacco, timothy, corn, or clover dining the past year. There 
seemed to be a slight variation in the quantity of soluble aluminum 
present (table 2), but there was no apparent relationsliip between 
the amount of aluminum found in the soils and the occurrence of 
the root disease. 


Table 2.^ —Parts per million of aluminum in and pH of soils of the same type 
upon which various crops were grown during the same year 


Crop grown 

1 

Alumi¬ 
num of 
soil, 
soluble 
in 

water 

Alumi¬ 
num of 
soil, 
soluble 
in 1 

percent 
citric 
acid i 

pH value 
of soil 

1 i 

! j 

i i Alumi- 

; num of 

Cropprowa ; 

; ! in 

: 1 water 

Alumi- } 
mim of i 
soil, ! 

soluble pH value 
in 1 of soil 

percent 
citrie * 
acid 1 

Corn..i 

Tobacco.1 

0 

4.0 

! 0.2 

i 4.5; 

j 

5.95 i Timothy.; 0.3 

5.60 i! Clover_ j .2 

li ! 

f 4.0 ; 5.95 

.3 : 5.43 
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EFFECT OF ALUMINUM ON TOBACCO GROWN IN POTS IN 

THE GREENHOUSE 

The analysis of the soil for aluminum after 2]i months of crop 
growth indicated that nearly all of the aluminum had been converted 
from a soluble to an insoluble form in the soil (table 3). The water 
extract of the soil given originally 100 parts per million of aluminum 
contained at the time of analysis slightly more than 1 part per million. 
Phosphate added to this combination formed insoluble aluminum 
compounds that retarded the formation of ionic aluminum. 

A sample of soil in a pot of l-gallon capacity which had grown 
tobacco affected by brown root rot was analyzed for aluminum. The 
pH value of the soil was 5.51. The soil was extracted with a 1-percent 
acid solution and was found to contain 0.9 part per million of aluminum. 

As a result of these analyses the wTiter finds no relation between the 
aluminum content of soil solution and the occurrence of brown root 
rot of tobacco. Tobacco plants grown on the soil to which aluminum 
sulphate had been added to the extent of 100 parts per million of 
aluminum showed no deleterious effects. In fact, in some respects 
the growth was more luxuriant than that of the control plants grown 
in soil to which no aluminum was added. 


Table 3. —Parts per million of aluminum in and pH of soils treated with aluminum 
sulphate and with phosphate^ and analyzed after 2}'^ months of crop growth 


Soil 

no. 

j 

Treatment 

Aluminum 
in soil, 
soluble in 
water 

pH value 
of soil 

1 

Aluminum sulphate equivalent to 100 p. p. m. of aluminum... 

1.5 

4.40 

<> 

Aluminum sulphate equivalent to 50 p'. p". m. of aluminum. 

.3 

4. 50 

3 

Aluminum sulphate equivalent to 25 p. p. m. of aluminum.... 

. 2 ' 

4. 86 

4 I 

Aluminum sulphate equivalent to 100 p. p. m. of aluminum, and 2.9 g 
CaHsPOi per 8 pounds of soil..... 

.3 

4.55 

5 

Aluminum sulphate equivalent to 50 p. p. m. of almninum, and 1.45 g 

1 CaH 2 P 04 per S pounds of soil.... 

. 1 

5. 00 

0 1 

Aluminum sulphate equivalent to 25 p. p. m. of aluminum, and 0.73 g 




I CaHsPOi per 8 pounds of soil... 

‘> 

1 5.05 


; Nothing added... 

1 

« 5.05 


SUMMARY 

Tobacco plants were grown alternately 2 days in a complete nutri¬ 
ent solution and 2 days in solutions containing different percentage 
proportions of 0.006 M aluminum citrate. Definite toxic symptoms 
were observed at low concentrations of aluminum. No perceptible 
increase in rate of growth %vas observed at low concentrations of 
aluminum salt. 

The presence of phosphates lowers the amounts of ionic aluminum 
in soil. 

No results were obtained that justify the assumption that certain 
crops give rise to active aluminum when the same soU type is used foi- 
their culture. 

Tobacco plants were grown in complete nutrient solutions in which 
the proportions of calcium nitrate and aluminum citrate were 
varied. The results indicate that the calcium ion may function to 
some .extent to reduce the toxic effects of aluminum. In this group 
of plants low concentrations of aluminum seemed to increase the 
growth rate slightly. 











DISTRIBUTION AND EFFECT OF PETROLEUM OILS AND 
KEROSENES IN POTATO, CUCUMBER, TURNIP, BARLEY, 
AND ONION ^ 

By Paul A. Young- 

Assistant botanist and bacteriologist, Montana Agricultural Experiment Station 

INTRODUCTION 

Petroleuiii-oil spra^^s and fogs are used increasingly to control 
insect pests of economic plants. These oils are useful in controlling 
the aphid vectors of potato virus, but it is first necessary to learn 
which oils are tolei'ated by potato leaves. Hence, undiluted oils and 
cresoap emulsions of petroleum oils were tested on potato leaves to 
determine: (1) The rates of oil penetration into leaves; (2) the s^niip- 
toms caused by the oils; (3) the oils and their concentrations that 
potato leaves tolerate without necrosis; and (4) a rapid, easy, accurate 
method for predicting the probable injury that an oil spray -will 
cause in potato leaves. The purpose of these and other experiments 
was to discover the distribution and effect of petroleum oils in species 
of herbaceous plants treated with sprays or undiluted lubricating 
oils or kerosenes. 

REVIEW OF LITERATURE 

Besides oil-spray emulsions, there is increasing use of oils dispersed 
as fogs in air for controlhng insects on fruit and vegetables (Herbert 
(4i 3) and Parker (7, 8)),^ Fungicides, and insecticides other than 
lead and arsenic, are used with the oils, and this avoids costly troubles 
wdth spray residues. Ginsburg (;?) described the effects of oils on 
greenhouse plants, and cited the work of Allen on the use of oils to 
control potato leaf hoppers. Rohrbaugh (9), illustrated oil pene¬ 
tration in citrus. Knight and Cleveland (6) gave evidence that 
surface tension and viscosity determine the rate of oil penetration. 
Chandler, Flint, and Huber (1) reported safe use of 1 percent oil 
sprays on potato leaves. Young {10, 11) mentioned symptoms of 
oil injury in potato leaves, and the effects of oils on potato yields; 
{12) described the use of Rhizopus growing in oils to test the toxicity 
of oils; (13) illustrated freezing phenomena in emulsions of spray 
oils; ( 14 ) described penetration, distribution, and effects of oils in 
apple leaves; and (13) explained theoretically howr oil penetrates 
protoplasm. Young ^ described physical phenomena of emulsification 
and (16) also the conduction of decane from onion leaves to the roots. 
Young and Morris (IT) tested an apple, 22 of the 36 oils described in 
the present paper. 

^ .Received for publication Apr. 30,193n; issued February 1936. Contribution, from. IMontana State Col¬ 
lege, Agricultural Experiment Station. Paper 52, Journal Series. 

2 The writer wishes to thank Profs. H. E. Morris and D. B. Swingle of the botany dep-artment of Montana 
State College, for criticizing this manuscript. 

s Reference is made by number (italic) to Literature Cited, p. 933. 

^ Young, P. a. microscopical observations on forming and breabling cresoap emulsions of 
PETROLEUM OILS. Abstract of Papers. Amer. Soe. Plant Physiol., Pittsburgh, Pa., p. 17., December 
1934. [Minieograirbed. 1 (Ulustrated article in press.) 
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MATERIALS AND METHODS 

The 36 lands of petroleum oils and kerosenes described in table 1 
ranged in viscosity from 31 to 410 seconds, and had sulphonatable 
residues ranging from 0 to 53 percent. These oils were tested on 
vegetables from 1928 to 1933, inclusive. 


Table 1. —Sulphonatable residues of, and injuries to potato leaves by, the oils used 


oil 

or 

kero¬ 

sene 

no. 

Name of oil or kerosene ’ 

1 

! 

Injury 
factor 2 

Siilpho- 
natable 
residue ^ 

Viscosity 

Plants 

1 

St. 13604 R.IOOP....-.J 

3.4 

Percent 

25 

Seconds 

100 

Xu mber 

4 

2 

St. 13005 R.CEE....j 

3.3 

44 

220 

4 

3 

St. 0. T. 13600 R.-.-.i 

1.5 

5 

100 

16 

4 

St. S. 13607 R.-...: 

1.8 

10 

50 

12 

5 

St. 5,14510 R. 1 

3.6 

41.6 

no 

4 


St. Diamond paraffin.....: 

3.2 

High 

99 

4 

7 

St. Atlantic E*ed.i 

3.4 

High 

244 

4 

S 

St. 410 red engine..... 

3.8 

53 

410 

5 

11 

St. gas oil.-. 

3.9 

40 

38 

9 

12 

Shell Brown neutral...I 

3.4 

27 

115 

9 

13 

Shell RL99, 70P.' 

3.7 

31.2 

75 

12 

14 

Shell 1 .■ 

3.9 

28.5 

03 

4 

15 

Shell 2 ...-. 

3.4 

26.4 

58 

5 

16 

Shell 3.....i 

2.4 

10 

55 

15 

17 

i Shell 4...-.^ 

j 3.4 i 

28.3 

i 108 1 

3 

IS 

Shell 5... 

2.4 

9.8 

1 108 1 

4 

19 

i Shell 6 . 

1 3.7 i 

34 

1 219 j 

4 

20 

^ Shell 105. 

1.2 : 

2 

90 I 

5 

21 

i SheU 106 (SOi). 

! 3.2 

15.6 

53 1 

3 

22 

: Shell 107.:. 

j 1.2 

2 

51 

10 

24 

1 N. Amalie 10680P. 

1 

0 

67 

29 

25 

St. 6 , 14S19R.-. 

i 3.0 

; 10 i 

73 

3 

27 

Shell 198. 

i 3.2 

; 20 1 

60 

3 

2.S 

Shell 7, 14776R. 

' 3.8 

1 43 * 

100 

8 

31 , 

Stanco Niijol... 

! 1.2 

i 0 

220 

1 6 

33 : 

Shell E512 (SO 2 ).-. 

1 2.9 

12.8 i 

52 

5 

34 i 

Shell E513. 

1 7 

13.3 1 

1 51 1 

a 

35 i 

Shell E514 (SO 2 )... 

3 ! 2 

1 13.7 1 

i 74 i 

5 

36 

Shell E515. 

! 2.5 

; n 

75 i 

j 5 

37 

Shell E516... 

j 1.7 

i 2.3 : 

55 i 

5 

41 

St. kerosene 20877...... 

1.7 

4 

31 i 

8 

42 

St. kerosene 20878..-... 

i 3,7 

19 

31 1 

8 

43 

St. kerosene 20879.... 

i 3.8 

! 22 

31 ’ 

8 

44 

; Shell kerosene..... 

2.5 

1 1 

31 i 

1 9 

45 

•.do.-.-... 

2.4 

i 4.1 

31 I 

1 9 

40 

.do.... 

3.7 

i 

1 16 

1 

31 j 

i 9 


1 Company name and nomber of oils and kerosenes. Symbols signify: L. Sonneborn Sons, Inc., New 
York; Stanco, LStaneo, Inc.; St., Standard Oil Co. (Calif.); Shell, Shell Oil Co. 

21 =Neerosis only in heavily oiled spots within 11 days. 2=Necrosis of heavily oiled spots in 1 day and of 
many lightly oiled spots in 11 days. 3= Necrosis and wilting of heavily oiled spots within 1.5 to 7 hours. 

3 Percentage of sulphonatable residue in each oil as determined by the oil companies, except oils 5, 13, 
15, lf», and 21 by Green {-3). 

Number of potato plants on the leaves of which sufficient oil was placed to make 20 to 60 percent of the 
laminae tramslucent. 

Tlie effect of oil on the yield of potatoes was tested by spraying 
cresoap emulsions of oil 4 on potato leaves in a field (table 2). The 
leaves were drenched with the oils on July 9 and 24, 1931. The 
potatoes were grown in alternating units of 6 sprayed and 6 imsprayed 
hills. Only one seed piece was planted in each hill. The hills were 
20 inches apart in rows 36 inches apart, so there were 8,712 hills per 
acre. Each jfield was calculated in bushels per acre by multiplying 
the total yield in pounds by the constant, 145.2, and dividing this 
product by the number of plants producing the total yield. 
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Tiie oils were emulsified in water with ammonia-casein and cresoa|) 
emulsifiers as described by Young and Morris (17). The cresoap 
was made by boiling the cresols and soaps together during 3 days. 

Oils 3, 4, 13; 21, 22, 24, 36, and 37 in concentrations of 1, 2, 4, 8, 
and 16 percent emulsified ^\fith cresoap or ammonia-casein, were 
sprayed on leaves of potatoes growing in an experimental plot. The 
oils described in table 1 were placed in undiluted form on the leaves 
of Triumph, Russet Burbank, Irish Cobbler, and Idaho Rural pota¬ 
toes in a greenhouse and an experimental plot. 

Oil 3 was placed on the cotyledons of squash and ciiciiinber seed¬ 
lings, and oil 24 on the leaves of rutabaga and turnip. Seedlings of 
barley treated with oils 3, 13, 21, and 24, w'ere supplied by Green (d). 

Onions also were used in studying oil distribution. Bulbs of 
Yellow Danvers, Bermuda Yellow, and Spanish Yello^v onions were 
set with their bases in water until they produced new roots and leaves. 
The leaves, bulbs, and roots w^ere treated with oils 3 and 24. Normal 
onions were studied for comparison. Oil 24 w'as injected liypoder- 
mically into hollow leaves of onions growing in root-study boxes. 

Free-hand sections of fresh, living tissues mounted in distilled wnter 
were studied microscopically to determine the distribution and con¬ 
ducting channels of oils in plants. Some samples of oils 3, 13, 16, 
and 24 had nearly 0.2 percent oil Red 0 dissolved in them to make 
the oils easily visible in tissues. vSections containing unstained oils 
w’ere stained with Sudan IV (14)• 

EXPERIMENTAL DATA 

EFFECTS OF OIL ON POTATO YIELDS 

The potatoes sprayed wfith a ^Mineral Seal oil 4 in a concentration 
of 1 percent yielded slightly more than the unsprayed potatoes 
growfing in alternate units (table 2). In contrast, the emulsion of 
2-percent oil reduced the yield of the potatoes 9.3 percent (table 2). 
This decrease in yield probably is not very significant when it is 
compared with the increase of 4.6 percent in the yield of the potatoes 
sprayed with the emulsion of 1-percent oil, while growing in the same 
plot. Hence a spray of 1 percent of oil 4 probably has commercial 
value because it is expected to control apliids without decreasing the 
yield of the potatoes. A spray with 2 percent of oil 4 is not recom¬ 
mended because it may cause some injury to potato leaves. 


Table 2. — E;ffects of sprays with cresoap emulsions of oil 4 on yields of Bliss 
Triumph potatoes at Bozeman^ Mont.j 1931 


Treaiment of potato plants 

i 

Plants 

i 

Yield of 
tubers 

Calculated 
yield per 
acre 

Increase 
(■f) or re¬ 
duction (—) 
in yield as 
affected 
by spray 

1- percent oil eniuisioii__ -- -- .. 

Unsprayed____- __ 

2- percent oil emulsion__ — 

Unsprayed------ 

i Number 

_1 55 ^ 

_: 58 1 

_ : m i 

_1 1C» i 

! i 

Pounds \ 
48.76 ! 
49.13 i 
98.2t3 i 
i 114.64 

I i 

i ; 

' Bmhen \ 

' m.7 

m,Q 
138.5 
152.7 

1 Percent 

} +4.6 

} -9.3 
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OIL PENETRATION INTO POTATO LEAFLETS 

Hypopliylious applications of the oils to normal Bliss Triumph 
potato leaves at 20° to 25° C. revealed the following rates of penetra¬ 
tion causing immediate translucence: 0.5 to 10 seconds for the kero¬ 
senes with viscosities near 31 seconds; 1 to 30 seconds for the oils 
with viscosities of 50 to 108 seconds; 60 seconds for the oils with 
viscosities near 220 seconds; and nearly 5 minutes for oil 8 vuth a 
viscosity of 410 seconds. The red-stained oils made potato leaves 
and them stems red during 1 or more w^eeks. Emulsions containing 
oils in concentrations of 4, 8, and 16 percent also made oily translucent 
spots in potato leaves. Similar reactions were observed when oil 
penetrated the leaves of turnip, rutabaga, onion, and barley, and the 
cotyledons of cucumber and squash. 

The oily spots in potato and apple leaves were similar in their 
refraction and reflection of light (f^). Potato leaves showing oily 
spots were stored in the herbarium, where many of the spots retained 
their oily appearance in the dried leaves during 1 or more years, thus 
resembling apple leaves in their retention of oil. 

DISTRIBUTION OP OILS IN POTATO, CUCUMBER, TURNIP, BARLEY, AND ONION 

Oils 3 and 24, with and without Oil Red O stain, were placed on the 
leaves of potato, turnip, rutabaga, and barley, and on the cotyledons 
of cucumber and squash seedlings. They were also injected hypo¬ 
dermically into the hollow leaves of onions. The stems attached to 
the oiled leaves usually became oily 1 to 5 days after the leaves or 
cotyledons were oiled. The red-stained oils made the tissues red. 
Sections of such plants were cut to determine the distribution of the 
oils. The stained and unstained oils were similar in their distribution 
and effect. Examples of sections showing typical distribution of 
oils are given in table 3. The oils were abundant between paren¬ 
chyma cells (pi. 1). Less oil was seen in tracheae and parenchyma 
cells, so the oil evidently passed mostly between parenchyma cells 
in being carried from the leaves into the stems and roots of these 
herbaceous plants. The pneumatic and hydrostatic system of the 
plant is concerned with the conduction of oil. Oil penetration into 
parenchyma cells vras explained by Young (15). 

Eed-stained oil 24 passed from Irish Cobbler potato leaves into the 
new tubers in the soil, making prominent red regions within 1 cm from 
the point of attachment of the stolons. By forcing a wire through 
the pith, vertical holes 0.3 cm in diameter and 12 cm deep were made 
in 4 large stems of a Russet Burbank potato plant, and 1 cc of oil 24 
saturated with oil Red O was placed in each hole. The oil was found 
in 3 of the 9 attached tubers, 8 days later. The petroleum oil in 
potato tubers was mainly betw^een the starch-parenchyma cells. 

Stems w^ere placed in emulsions to study absorption of oils from 
epaulsions, and to determine the toxicity of emulsion cream. Ex¬ 
cised potato stems bearing leaves were stood in jars containing cresoap 
emulsions of 1 and 4 percent oil 24 with oil Red 0. Parts 1 to 2 cm 
long wilted where these stems passed through the cream layers 1 mm 
thick. In contrast, the leaves and the parts of the stems above and 
below the cream layers remained alive for a few^ days. Flowering 
peduncles of 0-xalis cernua, Thunb. were stood in cresoap emulsions 
of 1 , 2 , 4, and 8 percent concentrations of oils 16^ and 24 (with and with- 
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PLATE 1 



. i. Cross section of the seeding stem of a White Spine cucumber showing the globules of oil (photographed 
black,s above the intercellular spaces of the parenchyma cells. The oil had exuded from the polybedrrf 
tubes between the parenchyma cells. Oil 3 stained with Sudan III was placed on the lower sides of the 
cotyledons of this cucumber on December 3,1929. The attached stem was frozen in lee and cut 15 days 
later. X 160. B, Like A, but an oblique section of this cucumber stem showing the poIyhedM,, inter- 
parenchyma tubes bearing globules of oil 3 that exuded from them when they were cut. X 
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out oil Red 0).^ The parts of the oxalis peduncles passing through the 
cream layers wilted within i to 2 days, while the tlow’'ers and the parts 
of the peduncles below and above the cream layers remained apparent¬ 
ly normal during a few days. In contrast, oxalis peduncles standing 
in water alone, and in wmier bearing a layer of oil 3 with oil Red 0, 
show^ed no wilting for several days. Onion leaves w'ere stood in jars 
containing cresoap emulsions of 1 and 2 percent oil 24 with oil Red 0. 
The parts of the leaves near the cream layers w'ilted witliin 9 to 24 
hours, w’liile above the cream layers, the parts of the leaves remained 
turgid. 

Table 3. —Distribution of oils in tissues after oils were placed on the leaves of potato^ 
turnipj rutabaga^ oniony and barley, and on the cotyledons of cucumber and 
squash 


Location of oil * 


Plant 


Potato. 


Cucumber.. 

S<iiiash_ 

Turnip.— 

Rutabaga. 
Onion_ 


Barley. 


} ; : Period :_ 

j ■ between ' 

; Oil no.' Tissue sectioned oiling ! Between ; Inside 

I ' . and sec- ' paren- ' paren- Inside 

! . tioning i cbyma i ehyraa tracheae 

1 i 'I cells * cells 


JOai/s 



24 

Mes(»s,ihylL... 

.: 12 


11 

0 


2 

Midrib.... 

.. 2a 

u 

0 

a- 


S 

Petiole..-. 

.. 23 1 

T 

4- 

b 


:i 


11 ■ 

■r 

0 1 

0 


24 

Stem____ 

_ 55 

-f 

4- • 

T 


24 

_do..-. 


-1- 




24 

Aerial tuber.. 

.; 39 : 


0 

+ 


H 

Roots....-.. 

11 ' 

-P 

4* ! 

4- 


a 

.do... 

_ 23 

_i_ 

+ i 

0 


24 

Old seed tuber. 

38 , 


-r 1 

(1 


3 

Stolon. 

_ ! n ; 

— 

+ ; 

u 


24 

New tubers in soil. 

_i 38 ! 

_u 

+ : 

0 


24 


. : 73 ; 

-r 

0 ! 

0 


a 

Stem __-.- 

.1 14 

-f 

0 : 

tJ 


3 1 

_ do ... 

1 7 • 


i 

(j 


3 i 

- Tap root .-. 

7 '! 

+ 


0 


a i 

Fibrous roots . 

..: IG ! 

-r 

"o ; 

y 


a 1 

Stem .-. 

.! 14 ; 

O- 1 

0 * 

4 - 

i.f 

24 ; 

Petiole .-. 

.; 23 ! 

•f ! 

t) : 

b 

4 

24 

Root .-. 

s 

-r- 

0 i 

-4 


24 : 

_ do... . 

9 j 


0 ! 

0 


24 

Petiole- . 


"T 

0 ! 

4 - 

i! 

24 i 

Leaf base .-. 

' 1 

-f- ; 

0 i 

b 


24 

Root .-. 

5 1 

"T 

0 i 



24 : 


_; 20 ; 

“T* 

0 i 

— 

1 

21 

Leaves . . .. 

__ ' 5 : 

-r 

4- ! 

“T 


3 

Stems..-- 

.1 4 ' 

— 

0 I 

u 


IH 

Roots.-.... 

-- ' 5 


0 

-r 


1 ~r-==oil present; O=oil absent. 


Oil 24 w^as only slightly toxic w^hile cresoap w'as very toxic (Young 
and Morris, 16),'' Stems wilted where they passed thin ugh layers of 
emulsion cream, which is evidence that abundant cresoap in the cream 
penetrated the stems. Although wilting occurred in the parts of 
stems touching cream, the tracheae in the wilted parts continued to 
conduct w'-ater, so the tops of the stems remained alive and turgid for 
a few days. 

Oil 3 saturated with Sudan III was placed on the cotyledons of seed¬ 
ling cucumbers {Oiicwnis satims L.) variety White Spine, and seed¬ 
ling squashes {Cuciirbita maxima Duch.). The oil made the cucumber 
and squash cotyledons red and oily translucent within 10 seconds. 
The attached stems also became red and oily translucent within 1 to 
14 days. Sections of these stems showed the oil mainly betw’een the 
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cortical j^arenciiyma cells (pi. 1; table 3). These sections containing oil 
proiiiiiieiitlr showed the concave-sided polyhedral tubes between the 

cortical parenchyma cells. 

Sections of cummiber and squash stems not attached to oiled cotyle¬ 
dons showed air bubbles in the polyhedral spaces between the paren¬ 
chyma cells. No oil was seen in these stems. 

Oil 24 with oil Red O made leaves of turnip {Brassica rapa L.) and 
rutabaga (Brass-lea napobrasslca IMill.) red and oily translucent. The 
attached petioles and stems also became red and oily vithin 1 to 8 
days. The attached fleshy turnip and rutabaga taproots were sliced 
S days after the leaves were oiled. Large parts of the tissues were 
red because of the red oil in them, in contrast to the nonoily parts of the 
same roots (pL 2, ^-i). Microscopic study of thin sections of stems and 
roots revealed the oil between the parenchyma cells (table 3). 

Leaves of barley seedlings (Hordeiim mlgare L.) turned red and oily 
translucent within a few seconds after the red-stained oils 3, 13, anS. 
24 were placed on the leaves. The attached stems and roots also 
turned red within 4 days. Sections of these stems and roots showed 
oil between and inside the cells (table 2). Oil was seen between 
collenchyma cells in a stem. Oil 21 was placed on seedling leaves of 
barley. Sections of the oiled leaves were cut 5 days later and were 
stained with Sudan IV. The oil was abundant between the chloren- 
clmiia cells, and in the tracheae of a larse vein. 

Five bulbs of onion (Allium cepa L.) were set in root-study boxes. 
When the new leaves were 5 to 25 cm long, 1 to 4 cc of red-stained oil 
24 were injected hypodermically into the tip of each of 1 to 4 hollow 
leaves of each bulb. During 3 to 9 days, these hollow leaves were oil 
reservoirs that exhibited the columns of oil by transmitted light, 
Tliirty to ninety percent of the attached roots turned red within 2 to 
10 days after the oil was injected into the leaves. Sections of the roots 
and bulbs showed the oil in their tissues (table 3 pL 2, S and 3). 

Oil 24 saturated with indophenol blue was injected into the hoUow 
leaves of four other onion bulbs. The attached roots did not change 
color so some of them were sectioned and stained with Sudan IV, which 
revealed the oil in and between the cortical parenchyma cells. Indo- 
phenol blue greatly increased the toxicity of oil 24 in contrast to oil 
Red 0 that apparently did not increase the toxicity of this oil. 

The roots of three onion bulbs were placed in jars of water bearing 
layers of oh 24 mth oil Red O. The oil entered many of these roots 
and was distributed in the attached leaves and bulbs. Two onions 
were set so that the bulbs were 6 cm above the water into which their 
roots projected. Oil 24 with oil Red O was placed on the aerial parts 
of their roots. The oil entered many of these roots and was conducted 
into the bulbs. 

Entrance of oil through wounds w^as studied by excising the roots 
on onion bulbs and setting the bulbs in shallow layers of oils 3 or 24 
with oil Red 0. The bulbs became red within 20 hom^. Sections 
showed oil in the tracheae of a flattened bulb-stem, because oil 
entered through the cut base of this stem. Also, excised onion leaves 
remained alive and tuigid during 1 to 3 days while they stood with 
their cut ends in oil 24 ^with oil Red O. "Much oil entered these 
leaves. No oil was seen in any of the check onions studied for com¬ 
parison with the onions treated with oils. 
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Plate 2 



*4, Oil 24 stained with oil Red O (photographed black) in a cross section of a raiabaga root 8 days after this 
oil had been placed on the attached leaves; much of the oil had passed from the leaves into the fleshy root. 
XI. R, Oil 5 stained with oil Red 0 (photographed black) occupying the vertical interparenchyma 
pockets in the solid part of a second-year onion stem inside the bnlb- This oross section was cut after the 
base,^;of the bulb and the upper parts of the roots had touched the oil during 11 days. X 296. 
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The roots of six onion bulbs were arranged so that half of the roots 
on each bulb projected into water alone, wliile the other roots projected 
into test tubes of water bearing layers 1 cm thick of oils 3 or 24 with 
oil Red O. The oil entered the roots that had wounds in their parts 
in the oil layers. Branch roots naturally make wounds as they 
rupture their way through the cortex. The sides of the bulbs turned 
red above the oiled roots. Also some of the other roots turned red 
within 3 days, although they projected into water alone. Sections 
cut 2 days later showed oil in the tracheae and parenchyma cells of 
these roots. A small aerial leaf on one bulb turned red. Sections of 
it showed oil between the chlorenchyma cells. Thus, oil was con¬ 
ducted from the roots into this leaf. Sections of the red parts of these 
bulbs showed oil between the parench^una cells of the fleshy bulb 
scales (bases of first-year leaA-'es). Also the cylindrical stems in the 
bulbs (bases of the second-year leaves) showed" abundant oil between 
the parenchyma cells, especially inside the vertical interparenchyma 
gas pockets (pi. 2, R). 

Oil 24 with oil Red 0 facilitated determination of the nature and 
function of the large interparenchyma pockets (pi. 2, i?). These 
apparently vertical pockets were surrounded by specialized paren¬ 
chyma cells. The interparenchyma pockets abounded in the leaves 
and in the cylindrical stems inside and above the bulbs. Sections 
showed that these pockets naturally contained gas, but were filled 
with oil in many of the onions treated with oils. ^ These pockets were 
not seen in very small leaves and their stems inside onion bulbs, but 
developed as the leaves and stems matured. None of these gas 
pockets was seen in the fleshy bulb scales, nor in the flattened bulb 
stems. These flattened bulb stems showed parenchyma cells with 
ramifying tracheae that usually did not contain petroleum oil. The 
interparenchyma gas pockets that were centrally situated in matur¬ 
ing onion leaves showed ruptured walls. Evidently many of the 
pockets united to form the hollow centers of the maturing leaves. 
These interparenchyma pockets are part of the hollow mechanical 
structure of onion leaves. 

SYMPTOMS CAUSED BY LUBRICATING OILS AND KEROSENES IN POTATO LEAFLETS 

Undiluted lubricating oils placed on potato leaflets often caused 
wilting preceding necrosis in oily translucent leaflets. Some of the 
oiled juvenile leaflets rolled upward. They were more susceptible to 
oil injury than were mature leaflets. Sprays of lubricating petroleum 
oils in concentrations of 4, S, 16, and 100 percent commonly caused 
black and brown spots in potato leaflets. Oils often accumulated over 
epiphyllous veins and blackened them. Large amounts of toxic oils 
killed the leaves and stems. Sprays with, emulsions containing 2 per¬ 
cent of toxic oils often caused brown spots 1 to 10 mm wide in leaflets. 

Oil 21 caused purpling in some leaflets. Probably the other oils 
lacked sufficient concentration of the chemicals that caused purpling 
in potato leaflets. 

Epiphyllous white and light-gray spots appeared in many potato 
leaflets treated vdth 4-, 8-, and 100-percent concentrations of oils 
4, 7, 13, 21, 27, 42, 43, and 45. Most of these white spots were 
hypophyllously green, brown, or dark gray. ^ Epiphyllous white spots 
served as a useful s^^mptom in distinguishing these oils. Probably 
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only these oils contained the casual chemicals in concentrations 
sufficient to cause white leaf spots. Oils 13 and 21 caused white spots 
abundantly and regularly, so that prominent production of this 
symptom distinguished oils too toxic for use in sprays on potato leaves. 

* The traiislucence caused by kerosenes usually disappeared within 
1 to 24 hours, as the kerosenes evaporated from the intercellular 
spaces. The kerosenes caused chlorosis, brown spotting, marginal 
rolling, and blackening and dr^nng of the rolled parts. The petioles 
died on manj^ of the badly injured leaves. 

Oils 41, 44, and 45 caused no injuries or only mild injuries in potato 
leaves, while oils 42,43, and 46 caused wilting within 2 hours in heavily 
oiled leaflets, and killed many of the petioles (table 1). 

INJURIES CAUSED BY PETROLEUM OILS IN POTATO LEAVES 

In table 1, the ph 3 ^sical suffocating effect of the oils presumably 
caused injuries represented by the injury factor 1, as oil 24 did, 
whereas additional injuries represented by larger injur}" factors such 
as 1.2 to 3.9 presumably include the chemical effects of toxic com¬ 
pounds in the oils, according to a critical definition of toxicity { 14 )> 
Oils 14, 15, 44, and 46 w"ere more injurious than their percentages of 
siilphonatable residues indicated, probably because some of the sul- 
phonatable chemicals were especially toxic to potato leaves. Usually, 
the kerosenes and lubricating oils with low" percentages of sulphona- 
table residues caused only slight injuries, even wffien they made the 
laminae translucent. In contrast, the more sulphonatable oils 
caused serious necrotic symptoms even wffien they wnre applied in 
concentrations of onty 2 percent. 

Practical conclusions are drawm from table 1. The toxic effects of 
oils in potato leaves w-ere tested accurately, easily, and quickty b}^ 
placing drops of each undiluted oil on normal potato leaves at tempera¬ 
tures below" 35° C., and before the leaves show" senescence. The 
rapidity, severity, and abundance with which the symptoms appeared 
shownd the toxicity of each oil to potato leaves. The oils that causecl 
amounts of injury approximate!}" mdicated hj the injury factor 3 
presumably are too injurious for sprays on potato leaves. The oils 
that caused amounts of injuries indicated by the injury factor 2 
probably are too toxic to use in emiflsions containing more than 1 
percent of oil. The oils that caused amounts of injury indicated by 
the injury factor 1 are preferable for sprays in concentrations of 1 
and 2 percent of oil on potato leaves. 

SUMMARY 

Cresoap emulsion of 1-percent oil 4 did not reduce the yield of 
potatoes, while an emulsion of 2-pereent oil caused a 9.3 percent reduc¬ 
tion in the yield. 

Lubricating oils caused the following symptoms in potato leaflets: 
Transliicence, wdlting, rolling, chlorosis, blackening and browning of 
veins, and spots of laminae; also purpling and w"hite leaf spots. Only 
the very toxic oils caused severe injuries including purpling and white 
leaf spots. 

Kerosenes caused the foUow'ing symptoms in potato leaves: Tem¬ 
porary transliicence, chlorosis, brow"n leaf spots, marginal rolling with 
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blackening of the rolled parts, and Idlling of petioles. Only the rery 
toxic kerosenes caused the severe symptoms. 

A convenient method of testing the toxicity of oils and kerosenes 
before they are sprayed on potato leaves is to place drops of each oil, 
and drops of unsiilphonatable oil, on healthy potato leaves, and 
observe the comparative symptoms. Oils that cause more than a few 
necrotic symptoms within the first few days probably are too toxic for 
commercial sprays on potato leaves. 

The oils and kerosenes vith low percentages of snlphonatable 
residues usually caused only slight injuries even when the laminae had 
been oily-translucent. The slightly toxic oils may be used safely in 
sprays of 1 percent oil on potato leaves. 

Kerosenes penetrated potato leaves within 0.5 to 10 seconds, but 
mostly evaporated from the leaves witliin 1 to 24 hours. In contrast, 
lubricating oils penetrated potato leaves witliin 1 second to 5 minutes, 
and usually remained in the leaves during the remainder of the growing 
season. Sections showed that the oils passed from potato leaves 
through the stems and into the tubers. 

Emulsion cream caused wilting in stems of potato and oxalis, but 
did not quickly stop the conduction of water through the wilted parts 
of the stems. 

Red-stained oils placed on cucumber and squash cotyledons quickly 
passed into the stems and made them red. Sections showed the oil 
mainly between the cells. 

The red-stained oils placed on turnip and rutabaga leaves passed 
into the fleshy tap roots and made large parts of them red. When 
red-stained oils vrere placed on barley leaves, they passed through 
the stems and made the roots red. The oil Red O stain apparently 
did not affect the toxicity of either oil 3 or 24. 

Red-stained oils injected into onion leaves passed through the bulbs 
and made many of the roots red. Sections showed the oil in the 
tracheae and between the cortical parenchyma cells. Oils also passed 
from roots into attached bulbs and leaves. Leaf and stem sections 
shownd oil in the large pockets between the cells. These interparen¬ 
chyma pockets in leaves, and second-year stems in bulbs, apparently 
serve as gas chambers. 

Study of these vegetables showed that the petroleum oils were 
mainly between the parenchyma cells, but also were inside tracheae 
and parenchyma cells. Evidently, the oils are conducted mainly 
between the cells in passing from leaves into roots. 
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THE DEVELOPMENT OP THE COTTON EMBRYO ‘ 


By R. G. Reeves, professor of hiology, Agricultural and Mechanical College of 

Texasj and J. O. Beasley, assistant agronomist, Texas Agricultural Experiment 

Station 

INTRODUCTION 

The development of the cotton embryo was treated briefly from the 
morphological point of view by Balls (1),^ Flatters (^), and Gore 4). 
None of these investigators, however, made a chemical study of the 
developing embryo. Ordinarily such investigations have not been 
made because of the impracticabihty of separating the immature 
embryos from the surrounding tissues in sufiSicient quantities to make 
satisfactory analyses. Instead of the usual chemical analyses it is 
often practical to use microchemical tests, for, although they have 
the disadvantage of not yielding quantitative results, they have the 
advantage of being applicable to plant tissues in their natural position 
and to comparatively small quantities of material. 

This study of the development of the cotton embryo was undertaken 
for the purpose of obtaining a knowledge of the rate of growth, 
anatomical development, and chemical development, as related to 
each other and to the age of the embryo from the first division of the 
zygote to dormancy. 

METHODS 

In July 1934 approximately 150 flowers of an American upland 
cotton (Startex) were self-pollinated. As the time after pollination 
that is required for fertilization to occur has been reported by Gore (4) 
to be from 26 to 32 hours, the present report includes no studies to 
determine the length of this period, but it is assumed that fertilization 
occurred within 36 hoiirs. Material was collected, killed in Licent^s 
fluid, sectioned, and stained with haematoxylin or safranine. Col¬ 
lections of embryos were made at the following periods (days) after 
fertilization, allowing 36 hours for fertilization to be completed: 
1, 2, 3, 4, 6, 9, 12, 15, 16, 18, 22, and 26. Before the twenty-sixth 
day most of the important anatomical developments had occurred, 
and the oldest of the material was not used for anatomical studies. 
However, microchemical tests and growth studies were made on 
the older material. 

Some difficulty was experienced in making microchemical studies on 
fresh material before the sixth day. This was caused by the minute¬ 
ness of the embryo and the fact that it gave the same reactions as the 
endosperm surrounding it. 

Weights of embryos 16 days of age and older were taken immediately 
after their dissection from the ovules, and again after drying m air for 
24 hours. The lengths of embryos were recorded from the sixth day 
until maturity. 

* Received for publication July 22, 19S5; issued February 1936. Contribution from the Division of 
Agronomy, Texas Agricultural Experiment Station, as Technical Paper No. 333. 
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EARLY DEVELOPMENT OF THE EMBRYO 

The first division of the zygote, which ordinarily occurred the second 
day after fertilization, was usually horizontal (fig. 1, 4). This was 
followed by a vertical division of the apical and sometimes of the basal 
cell (fig. 1, B), Occasionally a diagonal division instead of the 
vertical occurred in the apical cell, giving rise to such a structure as 
that shown in figure 1, 0. The exact manner of origin of this con¬ 
figuration was not determined because of its relatively rare occurrence. 
A second departure from the condition shown in figure 1, B, occurred 
when the basal cell failed to divide (fig. 1, O, i)), resulting in a one- 
ceUed suspensor. Three-celled proembryos were most frequently 
found in ovules killed the second day after fertilization. 

An intermediary tier of cells was found (fig. 1, if), but never a single 
intermediary cell, as was reported in Malm rotundifolia by Sou^ges (6). 
A perfect quadrant was probably formed, and various shght depar¬ 
tures from it were common, A group of three cells at the apex (fig. 1, 
E) also was found. The structure shown in figure 1, E, occurred in 
material killed the third day after fertilization. 

A short suspensor was formed, but in some cases it showed early 
signs of disorganization. The latter fact may explain Balls^ (1) state¬ 
ment that the cotton embryo has no suspensor. 

In material taken the fourth day it was found that octants (fig. 1, 
H) had been produced from the quadrants by further cell division. 
About the same amount of irregularity was observed in the octants as 
had been found in the quadrants. Material taken the same day also 
showed mitoses and periclinal wnlls separating off the dermatogen 
(fig. 1, and/). 

Although the stages found here are irregular, if the succession shown 
in figure 1, A, B, Z?, F, H, and J is followed, the history of the develop¬ 
ment of the cotton embryo will be seen to be similar to that described 
by Sou^ges (6) in Malm rotundifolia. He gave the following account: 
The first division is horizontal and is followed by a vertical division. 
The bipartition of the elements of the tetrad gives an octoceUular 
proembryo possessing four circumaxial cells in its upper part. Some¬ 
times 1 of the 2 juxtaposed elements of the tetrad is segmented hori¬ 
zontally or obliquely. The 4 quadrant cells at the apex are separated 
by walls which take insertion on the peripheral membrane and come 
down to the vicinity of the axis on the lower horizontal wall (prenant 
insertion sur la membrane peripheriqiie et venant tomber an voisinage 
de Taxe sur la paroi horizontale inferieure). Each of the 8 cells then 
divides, giving rise to a 16-ceIled proembryo. The wall of segmenta¬ 
tion of the quadrant is often horizontal. Five tiers of cells are 
produced that give rise wholly or in part to cotyledon, hypocotyl and 
initials of the central cylinder, cortex at the summit of the radial 
central portion of the tip, and suspensor. This description of the 
emhryogeny of Malm rotundifolia appears to he the only record 
in the literature relative to the early stages of the developing embryo in 
any malvaceous plant other than cotton. 

A great deal of irregularity was found in the details of the early 
stag^ of development in the cotton embryo; however, the stages of 
development illustrated were studied carefully and to all appearances 
are natural. No doubt the various embryos were sometimes observed 
from different sides, but if they were radially symmetrical and regular 
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Figuee l.—A~Kf Stages in development of the cotton proembryo and embryo in approximate succession, 
including irregular conditions, X 550, L, 9-day-old embryo sbovs^ing early differentiation of cotyledons, 
hypoeotyl, and histogens, X 123; JV/, apex of a 9-day-old embryo in a slightly later stage of development, 
showing the beginning of the plumule, X 550; iV, plumule of a 15-day-old embryo, X 240; O, cross section of 
cotyledons of a 12-day-old embryo, showing their position with reference to the endosperm and raphe 
X 20; P-R, successive stages in the development of resin glands, X 550. 
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in early development^ as proembryos are often thought to be^ their 
appearance would always be much the same. ^ 

Because of the irregularities noted it is impossible to state the 
exact age at which cotton embryos reach any particular stage of 
development, but the data given throughout tliis paper probably rep¬ 
resent the conditions that occur most frequently at the ages indicated. 

The first microchemical tests were made when the embryo was 6 
days of age. At this time, carbohydrates (Molisch reaction) and 
proteins were present. Negative results were obtained, however, 
when tests were made for starch, pentosans, and oils. The endo¬ 
sperm, which was very abundant at this age, gave exactly the same 
reactions as the embryo. 

THE GRAND PERIOD OF DEVELOPMENT 

The early development of the cotton embryo, as described above, 
took place before the rapid increase in size of the embryo had begun. 
About 9 days was requii'ed for the initials of the main organs, such 
as cotyledons, hypocotyl, and plumule, to be formed. The embryo 
then entered a period of rapid growth, and details of structure con¬ 
tinued to manifest themselves as development proceeded. Organiza¬ 
tion of the cotyledons began between the sixth and ninth day (fig. 1, 
i), when the embryos became heart-shaped in general outline with 
the two auricles developing into cotyledons and the ventricle end 
into a hypocotyl.^ Soon after the cotyledons had assumed their 
form a small mound of tissue could be observed in the axil between 
them (fig. 1, M), This was the first appearance of the plumule as 
such. The plumule did not become conspicuous until the fifteenth 
day (fig. 1, AO. ^ 

Between the sixth and ninth day, the histogens of the hypocotyl 
made their appearance. The limits of the dermatogen, periblem, and 
plerome were recognized without difficulty on the ninth day. In 
material of this age proteins and starch vrere found to be present 
and pentosans and oil were absent. Reactions in the endosperm in¬ 
dicated a slight amount of starch, but otherwise the same materials 
w-ere detected there as in the embryo. At 12 days of age the em¬ 
bryos averaged about 1.6 mm in length, and had taken a position on 
the side of the embryo sac approximately opposite the raphe (fig. 1,0). 

In embryos 12 days of age the cotyledons averaged about 7 layers 
of cells in thickness, these layers being the upper and lower epidermis 
and 5 layers of mesophyll. The cells were fairly uniform in size and 
shape and often were in regular rows. As the embryos advanced in 
age the cotyledons increased in thickness by an increase in size and 
number of ceBs. At 12 to 15 days of age the earliest signs of pro vas¬ 
cular strands were found in the cotyledons. These signs appeared 
first through the formation of cell waBs horizontal to the surfaces of 
the cotyledon, and later by waUs vertical to these surfaces and longi- 
tudmal to the axis of the provascular strands. Differentiation of the. 
palisade ceBs of the cotyledons had begun, also, at this age, the sec¬ 
ond layer of ceBs from the upper surface being 50 to 100 percent 
longer than the other mesophyll ceBs. 

* Tte teon ‘"hypocotyl ” is used iu this paper in the broadi® sense to include all the organs of the embryo 
the attaehmeiit of the cotyledons. 
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In 15-day“Old material several other changes were apparent^ the 
most interesting being the first signs of the resin glands. The first 
indication of a gland was the appearance in the cotyledon of a few 
(usually 2 or 3) large cells whose protoplasm was very granular and 
stained rather darldy (fig. 1, P). The surrounding cells were of ordi¬ 
nary size and shape except that they were slightly flattened. As 
the embryo advanced in development, the large cells increased in 
size, and the cells surrounding them became more flattened (fig. 1, Q). 
Signs of disorganization of the protoplasts of the large cells were obvi¬ 
ous on the sixteenth day, for the nuclei had lost their identity, ceU 
walls had begun to disappear, and the contents of the cells had as¬ 
sumed a still more granular, but otherwise homogeneous, appearance, 
A few layers of the surrounding flat cells also became disorganized 
and the cells surrounding them in their turn became flat and showed 
signs of disorganization (fig. 1, P). At this age the young glands 
were well on their way in development, and no structural changes 
were found between this condition and maturity, except a continua¬ 
tion of the phenomena already described. 

Microchemical tests made on embzyos 16 days of age showed traces 
of oil but no pentosans. Reactions of protein mth biuret and Millon 
reagents were more intense in the embryo than in the endosperm, and 
this difference was observed until the seed was mature. 

In embryos 18 days of age,^ the contents of the young resin glands 
gave the same color reaction with sulphuric acid that had been obtained 
in glands of mature embryos. Marchlewsld (o) attributed this reac¬ 
tion in the mature embryos to the presence of gossypol. This test is 
by no means specific for gossypol, but when carefully used it is a fair 
indication of that substance. Sulphuric acid will produce a red color 
in other parts of the embryo, but the particular shade of color and the 
streaming of the gland contents observed at this stage of development 
are identical only with those obtained in the glands of mature embryos. 
It may weU be emphasized here that the reactions indicating gossypol 
were not observed at the time of the first appearance of the glands, 
but only in embryos 18 days old or older. Gallup (5), in his studies 
of the time of appearance of gossypol in cottonseeds found gossypol 
first in 32-day-old seeds. His analyses were made on the entire ovule, 
rather than on the embryo alone as was done in the present investiga¬ 
tion. Naturally, gossypol would be relatively less abundant in the 
entire ovule, and this may account for his not finding it in the yoimg 
ovules where it had not become plentiful. 

A study of 18-day-old material showed that pentosans had appeared 
in the glands and that the amount of oil in the cotyledons had greatly 
increased. Starch and proteins w'ere still abundant in both the 
embryo and endosperm; and since it is well known that proteins, oil, 
and pentosans are common in fully mature embryos, tests for them 
were discontinued at 18 days after fertilization.^ Starch, however, 
was known to practically disappear before maturity, and in order to 
determine the time of its disappearance, tests were made for it until 
this condition was found. Starch seemed to disappear so gradually 
that the time when it began to decrease was not determined. It was 
found to be scarce at 33 days after fertilization; and traces were 
rarely found in seeds that were apparently mature. When the embryo 
was 18 days of age, aU of the organs and provascular tissues were well 
on their way in development. AU important chemical components of 
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the einbrj?© identified in this study had also begun to appear, and most 
of them were fairly abimdant. The remainder of the period of develop¬ 
ment of the embryo must therefore consist cliiefly of changes (usually 
increases) in the amounts of the various components and increases in 
the size of the organs and in the size of the embryo as a whole. 

Microchemical tests for sugar in the embryos^ were never positive 
except possibly with the Molisch and the Fehling tests. Tests for 
sugars were made not only on the embryo but also on young lint hairs 
and the seed coat. The results of these tests are given in table 1. 
From this table it may be seen that glucose is present in the developing 
lint hairs. The results were checked and found identical with results 
obtained on known corresponding substances. Although tests for 
glucose, except in the form of glucosides, conducted by other investi-^ 
gators on all parts of the cottonseed have consistently given negative 
results, there can be no doubt that the results obtained in tins study 
on the young lint hairs are typical glucose reactions. In addition to 
the results summarized in table 1, tests for glucose were made on lint 
hairs soon after their appearance and also in the later stages of develop¬ 
ment. The results sho'wed that glucose is an important component of 
the lint hairs from the time of theii* first appearance until the boll 
begins to open. The occurrence of glucose in these hairs is not sur¬ 
prising in view of the fact that the hairs are composed chiefly of 
cellulose and that a close relationship is known to exist between glucose 
and cellulose. 

Positive reactions for glucose and fructose were obtained on the 
seed coat during its development, although these results were some¬ 
what masked by a flocculent precipitate of some other component. 
After the reactions had been carefully studied and the tests repeated 
on filtered extracts of the seed coats, it was concluded that this struc¬ 
ture contained substances that gave the reactions of fructose and 
glucose. The glucose reaction was not as strong as that of fructose. 


Table 1. —Summarized results of microchemical tests for sugars in the cottonseed 
coat, embryo, and lint hairs 10 to B6 days after fertilization 


Test 

Lint hairs 

Seed coat 

Embryo 

Phenylliydrazine. 

Positive, glucose. 

Positive? glucose-. 

Negative. 

Negative? 

Positive? 

Do. 

Fitiekiger. 

Fehling.. 

Pt^itiv©— - _- - 

P(»itive? gluoc^ and fructose. 

Positive______ 

Molisch.... 

_do_ _ 

do -. - -- - _ 





Embryos gave the Molisch reaction for carboyhdrates from their 
early formation to maturity; however, the Fluckiger and phenyl- 
hydrazine tests showed that this was not the result of the presence 
of glucose or fructose. Several other sugars and glucosides are 
known to occur in mature cotton embryos, and probably one of 
them was the substance that gave the reaction for carbohydrates. 
Indeed, starch, which is known to be present in developing embryos, 
gives positive reactions with the Molisch reagent, but it usually 
reacts more slowly than the carbohydrate under investigation here. 
The Fehling test showed a somewhat doubtful reaction for reducing 
sugars. A precipitate occurred, but its appearance was not typical 
of the copper oxide that precipitates when the test is applied to any 
of the common sugars. 
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THE CLOSING PERIOD OF GROWTH 

In the closing period of growth of the embryo there were fewer 
changes than in the grand period. Storage materials continued to 
form, so that there was a slow increase in dry weight, but there was 
a great loss of water and therefore a loss in total weight. No new 
tissues or organs appeared and no new chemical components were 
recognized. 

THE GROWTH CURVE 

For several decades biologists have recognized the fact that the 
normal growth curve of an organism takes the general form of a 
somewhat straightened S; that is, growth begins slowly (the formative 
period), later becomes much more rapid (the grand period), and then 
again becomes slow preparatory to cessation (the maturation period). 
In the life of the sporophyte of a cotton plant, there are at least two 
such growth curves. 

The first represents the 
development of the em¬ 
bryo from the zygote 
to the mature seed in 
the resting period, and 
the second represents 
the time from the 
aw^akening of the em¬ 
bryo from its dormant 
period until the sporo- 
pliyte has reached ma¬ 
turity. In the cotton 
embryo, the exact form 
of the growth curve 
(figs. 2 and 3) was 
found to vary in some 
details, depending upon 
whether the size of the 
embryo was recorded 
as length, immediate 
weight, or air-dry 
weight. The curves 
are very similar, however, and the differences are easily explained. 
It was not found practical to weigh embryos until 16 days after ferti¬ 
lization, but measurements of length were taken as early as 6 days 
after fertilization. The embryo entered upon its grand period of 
development in length about a week before it entered this period of 
development in weight. This is explained by the fact that during 
early development length increases more rapidly than volume. On 
the fifteenth day the embryos were approximately 3.8 mm long. Then 
they began to expand laterally, filling the cavity of the growing seed 
coat, ftom that time until the seed reached its greatest length, the 
weight and length curves were very similar; however, when this period 
was reached, about the twenty-sixth day after fertilization, the 
weights continued to increase at the same rate. The last 3 days of 
this period make up the period of maturation. The embryos con¬ 
tinued to increase in actual size (live weight) until the tlm'ty-fourth 
or thirty-fifth day, when they began to lose weight by drying. They 
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Figure 2.—Length of cotton embryos at different ages. 
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reached an equilibrium between the forty-third and forty-seventh 
day and then remained constant. The period of maturation in live 
weight occupied from the thh-tieth to the thirty-fourth day. In air- 

dry weight, the em¬ 
bryos increased stead¬ 
ily until the thirty- 
second day and then 
entered upon the 
period of maturation. 
They attained then- 
greatest weight on the 
fortieth day, although 
the variation observed 
in the curve after the 
thirty-sixth day was 
probably caused by the 
smallness of the 
samples. The cm-ves 
based on weights show 
the period of matura¬ 
tion more adequately 
than the curve based 
on length. Gallup ( 8 ) 
AGE (DAYS) states that the weight 

Figuee 3.—Weight of cotton embryos at different ages. of the embryo may be 

expected to decrease 

shghtly after maturity, possibly through respiration. A decrease 
would naturally occur in any seed, but the amount of decrease would 
be negligible. 

The principal events observed in the developing embyos with then- 
corresponding ages are summarized in table 2. 



Table 2. —Age in days of cotton embryos vdth corresponding morphological and 
chemical changes, green weight, dry weight, and length 


Morphological and chemical changes 


Occasionally first division of zygote. 

First or second division of zygote.. 

Quadrant and other similar stages. 

Octant; separation of dermatogen_ 

Carbohydrates (Molisch reaction) and pro¬ 
teins present..... 

Early organization of cotyledons and hypo- 
cotyl; appearance of histogens and starch— 
Location of embryo at side of embryo sac 

opposite raphe.... 

Appearance in cotyledons of provascular ) 
strands, resin glands, and palisade tissue; I 
early differentiation of plumule, appear- j 
aneeof oil... j 

Appearance of gossypol and pentosans.. ( 


Continuation of growth and differentiation j 
of tissues that had already arisen.. i 


1 

I 

ii 



Embryos 

weighed 

Green 

weight 

Dry 

weight 

Embryos 

measured 

Length 

\ys 

1 

i Number 

Mg 

1 Mg 

Number 

Mm 

2 






Z 






4 






6 



_ 

2 

0.07 

0 29 

9 




2 

12 




16 

1 '6 

15 




IG : 

3.8 

16 

20 

7.5 

3.0 ; 

18 


j 


13 , 

K 

19 

14 1 

i 16.4 

4. 6 ^ 

1 

22 

14 1 

1 53.6 

21.0 

5 

8.6 

26 

20 1 

i 77.8 

3S.0 

12 

9. 9 

30 

55 

100.2 

52.0 

30 

9.5 

32 

14 

1C7.1 

50.0 

29 

9. 6 

34 

; 20 

110.3 

61.2 

1 20 

9.S 

36 

59 ^ 

109,8 

64.7 

31 

9.3 

ZS 

i 76 

99.4 

63.0 

76 

9.2 

40 

; 50 

90.6 

70.2 

50 

9.2 

43 

: 44 

70.2 

69.6 

44 

7 9 

46 

I 30 

63.5 

63.3 

30 

8.0 

53 

1 20 

65,7 

1 65.9 

20 

8.1 
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ABNORMALITIES AND IRREGULARITIES 

Although the material used in this study was thought to be a rela¬ 
tively uniform race of American upland cotton, much irregularity 
was observed in the size of embryos of identical ages. 

A few examples will suffice to show the range in size of embryos 
of the same age. Thi'ee 29-day-old bolls were taken at random, 
embryos were dissected from them, and the average live weights were 
found to be as follows: Boll 1, 20 embryos averaged 72 mg; boll 2, 
20 embryos averaged 111 mg; and boll 3, 15 embryos averaged 123 
mg. . 

After the bolls had been dried in air until an equilibrium was 
reached, the following average weights were recorded: Boll 1, 20 
embryos averaged 33 mg; boll 2, 20 embryos averaged 60 mg; and 
boll 3, 15 embryos averaged 63 mg. It should be emphasized that 
these figures are the averages of 15 or 20 embryos, taken at random 
from the boll, and that the variation among individual seeds was 
probably much greater than that shown here. 

Among the embryos from a single 19-day-old boll the range in 
length was from 3.5 to 7 mm. If tins range were stated in volume or 
weight it would be much greater. In a fully open, 53-day-old boh, 
the range in length of 10 embryos taken at random was from 6 to 
9 mm. This was an ordinary sized boll having 5 good locks and 37 
seeds. 

Such cases of variation were not at all uncommon, although it 
cannot be said that they were of regular occurrence. Whenever so 
wide a range of variation occurred it was usually in part the result of 
the fact that a few embryos were much smaller than others. For 
example, in the last case cited above, the individual measurements 
in millimeters were as follows: 6, 7.5, 8, 8, S, 8, 8, 8.5, 8.5, and 9. 
Numerous ovules of all ages were found which at first appeared to be 
entirely devoid of embryos, but which upon close examination showed 
small, sickly ones. 

Ovules that showed no embryo sacs, or very abnormal ones, were 
found occasionally. Undeveloped ovules caused by a lack of fer¬ 
tilization were common, of course, but were not among the irregulari¬ 
ties studied. Observations indicated that the position of the seed in 
the locule was related to its ultimate size. Position is undoubtedly 
related to shape of embryo and therefore to length. Rea (7) obtained 
some evidence that motes, or abortive ovules, are caused by a lack of 
fertihzation. Some of the irregularities reported here are imdoubtedly 
related to motes, and further embryological studies should reveal 
useful information as to how they originate. 

SUMMARY 

A study was made of the anatomical and chemical development of 
the cotton embryo in relation to its rate of growth. 

The early anatomical development was found to be somewhat 
irregular, but it showed certain similarities to the early embryonic 
development of Malm rotundifolia as reported by Soueges. 

Details of the development of the resin glands were studied. 
Indications of gossypol were found much earlier in the development of 
these glands than had been previously reported. 
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Most of the organs and tissues began their development during the 
latter part of the formative period and the first part of the grand 
period of growth. On or before the eighteenth day, oil, starch, 
pentosans, gossypol, and proteins were formed. All of these materials, 
except starch, were found throughout the remainder of the growth 
period. 

Glucose was not clearly demonstrated in the embryo at any time 
during the entire period of development, but it was found in the 
young lint hairs from the time of their first appearance until just 
before maturity. 

A iiigh degree of variation in rate of growth and in size of embryos 
witliin the same boll was found, in spite of the fact that the material 
was thought to be relatively pure and the flowers had been self- 
fertilized. Numerous irregularities in form were observed in mature 
embryos. 
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THE CHROMOSOME NUMBER IN GLADIOLUS ' 

By Ronald Bamford 

Associate botanist, Maryland Agricultural Experiment Station 

INTRODUCTION 

The genus Gladiolus is known best by its many summer-flowering 
varieties. The exact origin of these types in many cases is uncertain^ 
but it is generally agreed 3^ 6, 11 j 12, ISy that interspecific hy¬ 
bridization followed by rigorous selection has played an important 
part in their development. It appears that such hybrids have often 
arisen from crosses between very different species and that eventually 
not only 2, but sometimes 3 and even 4 species have been involved. 
The high degree of fertility in the commercial varieties, in view of 
their supposed origin, is surprising. 

It \vas the purpose of this study to determine the chromosome 
number of many of the species and some of the representative types 
of the commercial varieties, and, if possible, to establish the relation 
between the two groups. Subsequent studies will deal with chromo¬ 
some behavior in interspecific and intervarietal hybrids. 

PREVIOUS REPORTS 

The literature on chromosome number in Gladiolus is not abundant. 
Most of the reports have given the chromosome number for only a 
few species or varieties. These are listed in table 1, along with the 
list of Ernst-Schwarzenbach (5), who has approached tliis problem 
along lines similar to those followed in the present investigation. 


Table 1.— Chromosome numbers previously reported for Gladiolus 


Species or variety 

n 

2n 

Reported by 

G. prmulinus Baker; 

30 


I>e Vilmorin and Simonet (14). 


14 

1 . 

McLean (/O). 


14 

1 _ 

Do. 


14 


Do. 


14 


Do. 



30 

Ernst-Schwarzenbach (5). 



30 

Do. 

G. CalvUlei Sweet var. roseus --- 

I 

30 

Ernst-Schwarzenbach and Britting. 



4G 

Ernst-Schwarzenbach (5). 

G Jacq. _ 

1 is 


Do. 

G, hyznnf.iriiix Vfill __ _ 

30 


Do. 

G. prmulmus var. Sourmir. .-., 

Glndinliift ViirifttiftS _ _' 

30 

30 

Do. 

Kinoshita (Kihara et al.) (7). 

Do .-. 1 


60 

Wakakuwa (Kihara et al.) (7). 

G. gandaimnsis Van Houtte: 

var PoTTi 'P^f _ - - 

30 


Ernst-Schwarzenbach (5). 

var /H-^Tfin/frP _ _ 1 


60 

Do. 

var. T?p(i Gany>ti . _ _ 


60 

Do. 

G. lemoinei KotL: 




var Gfjfhftfinri ___ 

30 


Do. 

var Don Snlluste - _-_ 


60 

Do. 

var Ffftnk 


60 

Do. 

G. mnceianm Hort. var. desdemom- .. 

30 


Do. 


1 Received for publication July 1, 1935; issued February 1936. 

2 Reference is made by number (italic) to Jjiterature Cited, p. 950. 
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It appears from table 1 that the larger siimmer-flowermg forms 
are tetraploid and have a chromosome number of 60==2?i, whereas 
the smaller winter- or spring-flowering types, both species and va¬ 
rieties, are diploid and have a chromosome number of 30=2/1. One 
exception is Gladiolus ramosus (considered to be a group of hybrids) 
which has 46=3X+1 chromosomes and which Ernst-Schwarzenbach 
(5) considers to be a hypertriploid. 

MATERIALS AND METHODS 

Seeds and corms were secured from many commercial dealers in 
South xifrica, Europe, and the United States and, whenever possible, 
duplicate material was used. Some critical material was available 
through the kindness of Dr. F. T. McLean, of the New York Botanical 
Garden, and B. Y. Morrison, of the Bureau of Plant Industry, United 
States Department of Agriculture. Identification was made by 
resorting to a variety of sources, particularly to the work of Beal {2) 
and Baker {1). However, the ease of hybridization in Gladiolus 
makes the problem of identification a difficult one, especially where 
any species has been crossed with a commercial variety. McLean 
{9) reports that most of the progeny look like the species parent. 

The chromosome numbers were determined chiefly from root-tip 
material, and some were checked in flower buds. Both were fixed 
with Navaschin’s fluid, followed by the usual xylol-paraflin method, 
and stained in iron-alum haematoxylin ^ after sectioning. Other 
fixing agents yielded very poor results, particularly when the chromo¬ 
somes were numerous. Regardless of number, the fixation of the 
anthers is uncertain, a confirmation of the condition reported by 
Ernst-Schwarzenbach (5). 

All drawings were made with the aid of a camera lucida and the 
the use of a 15 X compensating ocular with a 90X 1.3 apochromatic 
objective. 

RESULTS AND DISCUSSION 

The chromosome number found in species, species hybrids, and 
various commercial varieties of Gladiolus is shown in table 2, and 
illustrations of the chromosomes of some representative types are 
presented in figure 1. 

It is apparent from table 2 that the genus Gladiolus is heteroploid 
and has a basic chromosome number of 15. The majority of the 
species are diploid, the only exceptions being the members of the sub¬ 
section Dracocephali and the European-Asiatic group. The former 
contains the major portion of the species involved in the supposed 
origin of the summer-flowering commercial varieties. The latter 
group has always been considered a very distinct one, and this is 
further indicated by the chromosome number. 

The size of the chromosomes, regardless of the number, is almost 
the same. In fact, any variation might well be covered in one root 
tip. It is possible at times to detect 2 or 4 large chromosomes but 
the results are not consistent. Brittingham (3) has also called atten¬ 
tion to tliis fact, and it seems probable that it may account for the 
' ' oO'Untsnl 31 found in occasional cells by Ernst-Schwarzenbach (5). 
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Figube 1,—Somatic ctiromosome plates from root-tip cells of 
fi n'nnn»ifi^}nrjt<i O Q sauTidCTsU, 2ji=30; JO, G- SQUUdtrsu hybrid, 23^—45, E, u/fltttoitt® vat. 

> G priiSiStSof ff. g: H. GladMus Mr J H 

PhioDs 2}i,=60* J Q dracocepMlus hyhtidy 2n=75i J, G. ^Mcrtwiawiishybnci, 2n-- ^5s A, ^ psittaanu^, 
0, bmniinus, 271=90; Af, G, segetum, 2a=120; N, G, mutohcus, 2a-120; 0, 0. commtmwy 
2«=138±. X2,150. 
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Tx\ble 2.— Chromosome numbers determined for gladiolus species, species hybrids 
and various commercial varieties 

SPECIES AND SPECIES HYBRIDS 


Name 


2n 

Name 

n 

27Z 

~ 



E ugladiolus—Con tinued 



Eugladiolus: 



Blandi; 






G. blandus Aiton.. 


30 




G, hirsutus Jacq... 


30 



m 

G. opposififloriis Herb.... 


30 


13S± 

G. lindulatus Jacq... 


30 


120 

G. odoratus L. Bolus_ 


30 


45 

90 

: G. callistus F. Bolus_ 


30 

G. anatolicus Van Tub.. 


120 

j (.^ardinales: 



G - 


00 

i G. cardinalis Curt... 


30 




i G. splendens Baker. 


30 




1 G. carmineus Wright. 


30 

G. trisik L.-. 

15 

30 

i Dracocephali: 



G. iristls var, concolor Salis_ 

15 

30 

G. dracocephaluslELodk^- . 

. 

90 

G. firnnAlft Thiinb 


30 

I G.dracocephalus hybrid . 


75 


1 30 

j G. psittacinus H.ook __ 

45 

90 

G. hvbri(i_ - 


1 30 

■ G. psittacinus hybrid,. . 

i ! 

75 

Cr. gracilis Jacq__ 

. 

30 

! G. primulinus Baker. 

30 

00 



30 

i G. plntyphylins Raker 


00 

Gr. ctispidatiis Jacq_ 


30 i 

. G. coccineus L. Bolus. 


60 

G. trichoneiiiifolins Ker__ 


30 

i G. quartinianus A. Rich, hy- 



0. brevifolius Jacq_ 


30 

; brld.1.. 


75 

Q. debiiis Ker_1. 

. 

30 

i G. saundersii Hook. 


30 

G. 'pappei Baker__ _ . 


30 

; G. saundersii hybrid.. 


45 

G. vUlosus Ker. ... 


30 

■ Uebea: 



Parviflori: 



G. alatus L. 

15 

30 

G. crassifolius Baker.__ 


30 

G. alatus hybrid___ 


45 

G. papilio Baker hybrid_ 


75 

G. oTchidiflorus Andr. hybrid_ 


45 




G. formosus Klatt hybrid. _ 


45 




G. permeabilis De la Roche. 


30 


COMMERCIAL VARIETIES, ^VINTER-FLOWERING TYPES 


Name ! 

2« 

1 

j Name 

Gladiolus eolvilki Hort.: ; 

var. alba ....I 

30 

Gladiolus nanus Hort.-“Continued. 

var. Robinhood - .- 

var. rose us __ . . . . __ 

30 


var. rubra... .. 

30 

1 

var. Nvmph... 

G. tuberginii Hort.; 

var. Liberty... 

var. Charm____ 

i 45 1 

var. Groenendaal _ 

var. Prunella.-... 

i 45 1 

i var. Rods van Dekania.... 

G. nanus Hort.: 

var. Siren___ 

1 ! 

30 i 

1 Herald gladiolus: 

v.ar. Dillenherg _ 

var. Spitfire.... 

30 j 

v.ar. .Tnost v. d. Vondel . _ 

var. cardinalis elegans.. ..-- 

30 i 

var. P. C. Hooft .. _ 

var. -ickermanni.... 

30 i 

var. Prof. Donders ... 

var. Peach Blossom..' 

30 1 

var. Leeuwenhoek . ... 




COAIMERCIAL VARIETIES, SUMMER-FLOWERING TYPES, ( 2 H=t 50 ) 


1 

Name ! 

1 

Name i 

! 

Name 

' Name 

Abb^ Raueoiirt 

Commodore 

King of Orangas 

Pacha 

Aida 

Contemplation 

L. von Beethoven 

Pfitzer’s Triumph 

Albatross 

DesdSmone 

Los Angeles 

Picardy 

Alice Tiplady 

Dr. F. E. Bennett 

Alarshai Foch 

Pierian 

Alsace Lorraine 

Encelade 

Mary Jane 

Porthos 

Altar 

Enchantress 

Meadow Lark 

Pride of Wanakah 

Anthony Kunderd 

Evelyn Kirtland 

Minuet 

Prineeps 

Ave Alaria 

Francis King 

Mr. Alark 

Prof. E. H. Wilson 

Baron Joseph Hulot 

Giant Nymph 

Air. W. H. Phipps 

Purple Glory 

Blue Me 

Gloriana 

Mrs. F. C. Peters 

Rob Roy 

Blue Triumphator 

Golden Dream i 

Airs. Frank Pendleton 

Rose 

Break o’Bay i 

Golden AIensure ' 

Afrs. Leon Douglas 

Syncopation 

Cardinal Prince ■ 

Hyperion 

Airs. P. W. Sisson 

‘ Taurus 

Cathariaa • 

Oatheriae Coleman , 

Oattleya Bcb© 

Impressario I 

Indian Chief 1 

Jane .Vddams | 

1 

Airs. Van Konynen- 
burg 

October 

j Vermillion 


SooS Sss 
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While many of tlie records concerning the development of the com¬ 
mercial varieties of Gladiolus may be questionable, there seems to be 
no doubt that many of the external characters which distinguish 
some of the species are found in the current commercial types. 
McLean (10)^ and others, have shown specific cases and listed the 
probable species concerned. While the list in table 2 does not include 
all of these species, it does contain many of the key types, namely, 
G. cardmalis, G. oppositiflorusj G. Sau7idersii, G. primulinus^ G. 
dracocephalus j and G, psittacinus and their chromosome numbers are 
given as 30, 60, and 90. If such species, with different chromosome 
numbers, are parents of the commercial varieties, it is hard to see how 
all of these hybrids are tetraploids. However, the occasional tri- 
ploids and pentaploids might form an intermediate step in this 
development. 

Within the past few years the attention of cytologists has been 
centered on the nature of the chromosomes rather than on the num¬ 
ber, and special consideration has been given to the spindle-fiber 
attachment, to the satellites, and to size differences. These features 
have been helpful in tracing the ancestry of existing types. This 
method of tracing ancestry would be exceedingly difficult to apply 
in the case of Gladiolus because of the smallness of the chromosomes, 
so other methods must be employed. One of these seems to be a 
careful observation of the behavior of the triploids and pentaploids, 
in regard to both chromosome number and genetical characters, 
when they are used in crosses. That such triploids and pentaploids 
exist has already been pointed out. These are probably diploid- 
tetraploid and tetraploid-hexaploid hybrids, and recent crosses 
between forms with knowm chromosome numbers have shown that 
such crosses are very readily secured. If such triploids and penta¬ 
ploids are again used in backcrosses, particularly as the pollen parent, 
selection by hybridizers from the resulting offspring might tend to be 
centered around those with a tetraploid number, because of certain 
desirable qualities wliich they possess. This would be especially 
true when a tetraploid is used as the seed parent. That the gametes 
of triploids and pentaploids which must effect fertilization are likely 
to be euploid has been shown in Zea-Euchlaenaj Triticum, and Nico- 
liana hybrids and in many other crosses of this type. Longley, who 
has listed and discussed these hybrids fS, p, 802) says: 

Where the chromosome complement of a plant is made up of cloromosomes in 
addition to the two homologous sets [triploids and pentaploids], the tendency of 
the functioning gametes to have the basic chromosome number or a multiple of 
this number must lead to the production of plants with chromosome numbers 
in multiples of the basic number and to the absence of plants with aiieuploid 
chromosome numbers. 

No aneuploid Gladiolus has yet been found except a variety of Q. 
communisj and this group has apparently not entered into the forma¬ 
tion of tetraploid summer gladiolus. 

A detailed description of meiosis, particularly in the commercial 
varieties, is omitted from this account because of the confusing triva- 
lents and tetravalents wliich need further study. 
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SUMMARY 

The basic chromosome number of the^genus Gladiolus is 15. 

Diploidj tripioidj tetraploid, pentaploid, hexaploid, octoploid, and 
liyperenneaploid species and hybrids have been foundThe majority 
of species are diploid and all of the summer-flowering commercial 
varieties which were studied are tetraploid. 

The subsection Dracocephali and the European-Asiatic group 
contain most of the polyploids. 

A brief discussion of the possible origin of the tetraploids, in view 
of their parentage; is presented. 

The chromosomes are small and of approximately the same size. 
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EVIDENCE OF VIRUS MUTATION IN THE COMMON 
MOSAIC OP TOBACCO ‘ 

By H. H. McKinney 

Senior 'pathologist^ Division of Cereal Crops and Diseasesy Bureau of Plant Industry^ 
United States Department of Agriculture 

INTRODUCTION 

In a short note (12) ^ the \vriter reported that Connecticut-Havana 
broadleaf tobacco ^ plants having common mosaic developed yellow 
spots on a few leaves, as previously illustrated (15), and as shown in 
figure 1, B. These yellow spots were observed regularly on plants 
in the more advanced stages of development, and very irregularly 
on plants when young, and then only when the young plants were 
growing at high temperatures.^ 

These yellow spots range in size from points just visible to areas 
approximating 1.5 cm^ on the strain of tobacco used. On Turldsh 
tobacco the spots are smaller and have been less consistent in occur¬ 
rence. The large spots are less frequent, usually are very irregular in 
shape and not so yellow in color as the small spots, though small spots 
are not always completely devoid of chlorophyll. On this account 
one cannot be certain from mere observation that mosaic tissue is free 
of very small invisible centers of yellow-mosaic virus. Figure 2 illus¬ 
trates a typical series of sizes and shapes of the yellow-mosaic spots. 

It was found that these yellow spots contain virus which when 
introduced into young tobacco plants induced a large number of 
yellow areas on the young leaves, usually within 4 to 5 days at 
temperatures favorable for tobacco culture, A typical case is illus¬ 
trated in figure 3, A. It was found that a very severe pure yellow 
mosaic sometimes could be obtained immediately in the inoculated 
plants when the virus was taken from the center of extremely yellow 
areas. When virus was taken from near the margins of the yellow 
areas, blends of yellow mosaic and green mosaic developed on many of 
the inoculated plants, and when virus was taken from the green areas 
common mosaic developed in the inoculated plants, but all of these 
plants ultimately developed a few^ small spots of yellow mosaic. The 
virus of common mosaic was completely removed from the yellow 
mosaic by successive subinoculations from the yellow-mosaic areas. 
Several leaves with yellow mosaic are illustrated in figure 1. 

J Eeceived for publication Aug. 26,1935; issued February, 1936. These studies were started in 1926 at the 
University of Wisconsin and continued at the Arlington Experiment Farm, Eosslyn, Va, 

2 Eeference is made by number (italic) to Literature Cited, p. 980- 

2 This variety, which was used throughout the present experiments, is now called Wisconsiii*Havaiia 
Seed. 

* It was stated (IB) inadvertently that these yellow spots developed on yom^ plants grown near 90° to 
KM}° G. This temperature reading was ta&en from a Fahrenheit thermograph chart and through over¬ 
sight was not converted to the centigrade scale. It should be read 32.2° to 37.7° G. These were midday 
temperatures during midsummer. 
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^ Many collections of mosaic have been studied, and as stated pre¬ 
viously IS^ 19) all those having the appearance of common 
mosaic on tobacco have shown the presence of yellow-mosaic spots 
on one or more leaves on all of the inoculated plants. All attempts 
to obtain a common mosaic which does not develop yellow-mosaic 
spots failed. 

In view of these facts it was pointed out {15) that the viins of 
common mosaic may mutate. In a later summary {19) the writer 
took the definite position that common green mosaic and the yellow 
mosaic associated with it do not represent an ordinary mixture of 
viruses. No statement was made at that time regarding mutation. 
However, conamon mosaic w^as referred to as a complex because all the 
evidence indicated that this disease on Wisconsin-Havana Seed 
tobacco when cultured under ordinary conditions represents a com¬ 
posite or aggregate of at least two types of mosaic—green mosaic 
which predominates and yellow mosaic which occurs in localized 
zones—and because of the never-failing recurrence of the yellow- 



Figure 2.—Types of yellow-mosaic spots ranging from a small point to a large tjnpe in which some chloro¬ 
phyll is present. Natural size. 

mosaic phase with the green-mosaic phase of the disease in the writer’s 
tests.^ 

Dufrenoy (4), working in France, and Jensen (3), in the United 
States, have verified the writer’s findings that yeUow" mosaic is 
associated with the common mosaic of tobacco. Price {^3) and 
Hoggan {5) have reported a similar phenomenon in cucumber mosaic. 
The writer {16, 18) has pointed out that certain yellow and green 
mosaics of wheat are closely associated. Jensen {8) and Price {33) 
and Hoggan {5) consider that these associations in tobacco and 
cucumber mosaics do not constitute mixtures of an ordinary type, 
and that the viruses of yeUow-mosaic spots arise in the plant sometime 
after inoculation. 

The present paper deals with several lines of evidence which sup¬ 
port the view that the viruses which cause^ the yeUow-mosaic spots 
arise spontaneously as mutations of the virus of common mosaic, 
and are not the result of mixture or contamination of the ordinary 

5 Smith (i6) reports a virus disease relationship in potato which he refers to as a complex, hut this seeans to 
represent an ordinary mechanical misture of viruses- Thus, it is seen that the writer the term com¬ 
plex in a different sense. 
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Figuee first symptoms induced by vims fipom a yellow-mosaic spot: B, symptoms of common 

mosaic showing no yellow-mosaic spots induced by virus from the light- and dark-green areas of common 
mosaic. The new leaves shown in A and the subsequent leaves produced symptoms of common mosaic 
which were indistinguishable from the symptoms produced by plant B. Both plants produced a few 
yellow-mosaic spots before maturity. 
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sort running thi^ough all collections of common mosaic and tlirough 
all of the many lots and fractions of inoculum used in tlie experimental 
work. 

MATERIALS, METHODS, AND TERMINOLOGY 

The studies on tobacco were confined to a strain of Wisconsin- 
Havana Seed (Havana No. 38) unless stated otherwise. The seed 
was obtained from successive cuttings from a single plant, and pre¬ 
cautions were taken to prevent cross-polhnation. Tests were carried 
out from time to time with Turkish tobacco, and while this type had 
certain advantages, these were offset by disadvantages not possessed 
by the strain of tobacco used. The studies on Nicotiana glauca R. 
Grah. were confined to a strain collected by the writer on the island 
of Teneriffe in the Canary group. N. rustica L., A^. glutmosa L., N, 
sylvestris Spegaz. and Comes, and a strain of A^. affinis Hort. were 
employed in some of the tests. Seed and young plants of these 
species were supplied by E. E. Clayton and J. E. AIcAIurtrey. 

Unless otherwise stated, the common-mosaic virus used originated 
from material supphed the writer by James Johnson, the eleventh 
source recorded in table 1. Previous to the present studies, dilution 
tests were carried out to determine the power of increase of the virus 
in tobacco. A series of dilutions was made up to 100,000 in water. 
Each of these was inoculated into five young tobacco plants. Soon 
after the appearance of the common-mosaic mottling, virus extract 
was obtained from one plant in the highest dilution series in which 
symptoms were expressed. This extract was again diluted in series 
and inoculated into tobacco plants. This procedure was continued 
through seven dilution tests. Virus was taken from plants inoculated 
with extract diluted 10,000 times in 3 tests, and from plants inocu¬ 
lated with extract diluted 100,000 times in 4 tests. It was in the 
eighth test that all plants with mosaic were allowed to grow to matu¬ 
rity, and it was in these plants that the yellow-mosaic spots w^ere 
first noted. 

During these early tests only the common mosaic was in the green¬ 
house, and in the first seven tests no yellow-mosaic spots appeared on 
the young plants before they were discarded. The virus of common 
mosaic used in all the detailed studies originated from the plants in 
the eighth dilution test and from leaves which were free of yellow- 
mosaic spots. Throughout all the work this virus has been guarded 
to prevent contamination from outside sources, and transfers have 
been made from tissue which appeared to be free from yellow-mosaic 
spots, though it is recognized that exceedingly small zones of yellow- 
mosaic virus not detectable are very hkely to be present in some of 
these tissues. 

The mild dark-green mosaic® (IS) used in the tests was isolated 
from a mixture of mosaics, one of which is a light-green mosaic (com¬ 
mon mosaic) which in turn developed yellow-mosaic spots. The orig¬ 
inal mixture came from mosaic Nicotiana glauca plants collected by 
the writer in the Canary Islands. The mild dark-green mosaic did 
not develop yellow-mosaic spots in the tests reported in this paper. 

s Pigment analyses carried out by Peterson (;?/) show that chlorophyll reduction is lef^ m tobacco plants 
with mild dark-green mosaic than in plants with common mosaic. This relationship is Indicated also in 
the appearance of the plants after mild dark-green mosaic has pa^ed through the nnld stage referred to in 
an earlier paper ilB). Common mosaic is comparatively light green in c»ior and was referred to as light- 
grem mosaic in another paper {15). 
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However^ if plants with this mosaic become reinfected with common 
iiiosaicj yellow-mosaic spots may appear before the presence of com¬ 
mon mosaic becomes evident. Isolations from such spots have always 
shown the presence of the common-mosaic virus as well as a yellow- 
mosaic rams. 

Purified yellow mosaics, type A and type B, briefly described in 
this paper, were also used. The type A yellow mosaic was used in 
most of the tests as it was isolated from the common inosaic also used 
throughout the tests. Viruses of these yellow mosaics are referred 
to as ''pure” because present methods fail to demonstrate the pres¬ 
ence of other vhuses. In perpetuating these mosaics the virus ex¬ 
tract was alwa 3 ^s taken from yellow areas on the leaves, but when 
large quantities of extract were required entire leaves were used. Sev¬ 
eral other collections of virus were used in the survey tests, but these 
were not emploj'ed in the detailed studies. 

The routine inoculations were made by the needle-cotton method 
previously described ( 14 )? unless otherwise stated. 

All plants with common mosaic which were used for the yellow- 
mosaic spot observations were grown to maturity unless the spots 
appeared earlier. In a few cases plants were cut back when yellow- 
mosaic spots did not appear before maturity in order to give an oppor¬ 
tunity for yellow-mosaic spots to develop on new leaves. This cut¬ 
ting was done with pruning shears; these and the hands of the oper¬ 
ator were thoroughly washed in 95-percent alcohol before the pruning 
of each plant. 

Ample uninoculated controls were employed. Pots were sterilized 
vuth steam before use. Fertile soil w^as used and a 1-percent cal¬ 
cium nitrate solution was applied to the plants at intervals during 
the tests. Soil was checked for the presence of virus by close observa¬ 
tion of the health^’ plants. The greenhouses used at Madison, Wis., 
were not screened against insects, but those at the Arlington farm 
were screened with 30-mesh copper-wire gauze. Fumigations were 
made at intervals as a safety measure. Plants inoculated with a 
given virus extract were spaced to prevent their touching plants inocu¬ 
lated with another virus extract, and in certain studies screen parti¬ 
tions were used as previously illustrated {15, jig. 6). Pots were set 
on low benches or on sterilized boards on the ground. 

During the period of the Allison V. Armour expedition of collection 
(1926-27) (13) many inoculation tests were carried out with tobacco 
plants grown in pots on the upper deck of the yacht, while on the 
Atlantic Ocean. In these tests the vector problem was reduced to a 
mi-ninniiim. 

The routine temperatures of the greenhouses were near 21"^ to 24^^ C. 
in winter unless otherwise stated. During bright days the tempera- 
time sometimes went higher. In the summer the temperatures were 
slightly above those outdoors. The roof and sides of the greenhouses 
w^ere whitewashed during the spring and summer months. 

In this paper the term “mutation” is used to designate the “break¬ 
ing-up” characteristic of the virus of common mosaic because the 
evidence to be presented indicates that the new viruses are not con¬ 
taminants from outside sources and because they represent permanent 
departures from an established type. 

The terms “type” and “strain” are used more or less interchange¬ 
ably to designateviruses differing from each other irrespective of the 
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degree of difference. This usage seems to be permissible until there 
is a more complete agreement among investigators on points relating 
to the relative importance of virus characteristics and to the usage 
of terms. 

INOCULATION SURVEY OF COLLECTIONS 

Mosaic viruses were obtained from 26 sources and tested on 
Havana Seed tobacco. As indicated in table 23 of these were com¬ 
mon mosaic or mosaics resembhng common mosaicj and 3 were dis¬ 
tinctly different from common mosaic. All plants were closely 
observed for the development of yellow-mosaic spots, and it was found 
that, without exception, all plants manifesting common mosaic or a 
mosaic resembling common mosaic developed one or more yellow- 
mosaic spots which were either bright yellow or yellow intermingled 
with green. 

It was not possible to make isolations from the yellow-mosaic spots 
appearing on each plant, but isolations were made from time to time, 
and without fail, when the spots were large enough to yield sufficient 
virus, yellow mosaics eventually^ were established. In the case of 
very small spots frequently there was insufficient virus to induce 
yellow mosaic in the inoculated plants. 

Table 1. —Inoculation tests with mosaic viruses obtained fro7n different localities and 
laboratories to deterjnine the occurrence of yellow-mosaic spots 


Type of mosaic on 
tobacco 

Locality where 
obtained 

Collaborator or 
collector 

Flant on which 
collected 

Tobacco 

plants 

on 

which 

mosaic 

symp¬ 

toms 

devel¬ 

oped 

Plants 

which 

devel¬ 

oped 

yellow- 

mosaic 

spots 

Places 

where 

tests 

were 

con¬ 

duct¬ 

ed! 

Light-green mosaic 
(common mosaic). 
Do_ 

r!oT>uf‘cticnt.. 



Number 

10 

Number 

10 

xV, B 

B 

Einrida 

W. B. Tisdale.— 

.do. 

5 

5 

Do. 

Louisiana_ 

H.H. McKinney 
_do. 

Tomato_ 

15 

15 

A. B 

Do.--. 

.do_ 

.do_ 

5 

5 

i B 

Do. 

Missouri__ 

B. M. Duggar-- 
F, M. Blodgett. 

I H. A. Allard_ 

Tnhannn 

10 

10 

A, B 

Do. 

New York_ 

_do_ 

5 

5 

A 

•nn 

i Virginia 

_do_ 

3 

3 

B 

Do. 

1 _Ido_ 


_do_ 

3 

3 

B 

Do_ 

_do_ 

i Walter Marcey.. 
S. Al Wingard.. 
James Johnson.. 

Garden pepper.. 
Tobacco_ 

5 

5 

B 

Do. 

.do. 

15 

25 

A, B 

Do_ 

Wisconsin_ 

_do_ 

4,224 

5 

4,224 

ABC 

Do.. 

_do_ 

S. F. Doolittle-- 

_do_ 

5 

'b' 

Do. 

Hawaii _ 

J. Atherton Lee. 

.do. 

15 

15 

A, B 

Do. 

England 

A, J. Riter , 

_do_i 

10 

10 

B 

Do_ 

Island of Tener- 

H.H.McKinney- 

.do.. 

Nicotmm giauca.l 

_do--—-.' 

IS 

15 

B, C 

Do—. 

iffe. 

Island of Grand 

10 

10 

B 

Resembles common 

Canary. 

_do_ 

.do_ 

_do-. 

5 

5 

B 

mosaic. 

Do.- 

_do>_.. 

.do. 

_do. 

5 

5 

B 

Do. 

_do.i 

dn 

_do_ 

10 

10 

B 

Do. 

.do__1 

_do_ 

_do_ 

5 

5 

B 

Ttn 

dn i 

_do_ 

_do.-. 

5 

5 

B 

T)n 

_do_ 

_do_ 

_do.. 

10 

10 

B 

Do-. 

.do_ 

_do_ 

_do_ 

5 

5 

B 

Mild dark-green mo¬ 
saic. 

Do. 

.do_ 

_do__ 

_do_ 

318 

so 

B 

Gibraltar_ 

.do. 

_do_ 

62 

0 

B 

Mild mosaic. __ 

Ephrata, Fa_ 

_do_ 

Tobacco_ 

371 

20 

B 







1 The letters A, B, and C indicate that the test was conducted at Madison, Wis.*, Eosslyn, Va.; or on 
shipboard, respectively. 

s Yellow mosaic dominated 3 plants with mad dark-gieen mosaic and 2 plants with mild mosaic due to 
accidental contamination. 
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Healthy plants remained free of these spots. An occasional case 
of common mosaic and of concentrated yellow mosaic did develop out 
of the many thousands of healthy tobacco plants grown for various 
and sundry purposes, but plants used for healthy controls remained 
free of visible evidence of mosaic. 

While all of these collections have not been given intensive study, 
observations indicate that all collections of mosaic which ordinarily 
pass for common mosaic on tobacco are not identical in their expres¬ 
sion of symptoms on tobacco or on Nicotiana glauca. One of the 
collections from Virginia differs slightly in the mosaic pattern, and 
the collection from Hawaii has been characterized by a more pro¬ 
nounced expression of the yellow-mosaic spots than other collections. 

Three green mosaics which differ from common mosaic were 
studied on tobacco regularly in the same greenhouses in which the 
studies on common mosaic and concentrated yellow mosaic were 
being conducted. The first mosaic in this group is the mild dark- 
green type. Many of the properties of the virus of this mosaic are 
similar to those of common mosaic, but it produces no mottling on 
tomato, and all tests indicate that the tomato plant does not carry 
the virus. Mild dark-green mosaic has not developed yellow-mosaic 
spots in the writer’s tests. However, of the 138 cases of this disease 
which were studied, one leaf on one plant was observed to develop a 
single small light-green mosaic spot. This spot when isolated and 
inoculated into healthy plants induced a mosaic resembling the mild 
dark-green mosaic, but light-green semitranslucent spots developed 
soon after inoculation and the leaves became very deformed, in 
contrast to the more nearly normal-shaped leaves on plants having 
the mild dark-green mosaic. The rarity of the occurrence of the light- 
green spots on plants with mild dark-green mosaic makes it difficult 
to interpret the origin of this new virus, but it seems reasonable to 
believe they may originate in the same manner as the yellow-mosaic 
spots associated with common mosaic. 

The second mosaic of this group resembles the first, but differs 
somewhat in symptoms. It was collected by the writer on N. glauca 
at Gibraltar {15). It has not shown the presence of yeUow-mosaic 
spots. 

The third mosaic of this group develops mild motthng throughout 
the life of the plant. It was coUected by the writer in a commercial 
tobacco field at Ephrata, Pa, The virus can be maintained for only a 
very short period outside the plant, and it is usually more severe on 
tomatoes than common mosaic; it induces mosaic on Ambalema to¬ 
bacco, the variety which Nolia et al. {20) found to be resistant to 
common mosaic. This mild mosaic has not developed local spots of 
yellow mosaic on Wisconsin-Havana Seed tobacco. 

These tests suggest that the yellow'-mosaic spots are universally 
associated with common mosaic of tobacco wffien test conditions are 
suitable, and they indicate that these spots are not expressed by cer¬ 
tain other mosaics, at least under conditions favoring their expression 
in common mosaic. 




Dec, h 1935 Vifus Mutation in Gommon Mosaic of Tobacco 


959 


ATTEMPTS TO REMOVE PERMANENTLY ALL TRACES OF YELLOW 
MOSAIC FROM COMMON MOSAIC 

TESTS ON TOBACCO WITH VIRUS SUBJECTED TO DILUTIONS AND TO DIFFERENT 
PHYSICAL AND CHEMICAL TREATMENTS 

Tests have indicated that there is not a great deal of difference 
between the virus of type A 3 '^ellow' mosaic and the virus of common 
mosaic with respect to dilution in water. The data in table 2 indi¬ 
cate practically no difference, but in the course of many incidental 
tests it has been observed that the virus of type A yellow mosaic 
sometimes fails to induce mosaic in all the inoculated tobacco plants 
when the virus extract is diluted 1,000 times in water, whereas the 
virus of common mosaic when diluted 1,000 times has alwaj^s induced 
mosaic in all of the inoculated tobacco plants. 

When fresh extracts containing these viruses were mixed in equal 
parts the symptoms on inoculated tobacco plants were a blend be- 
t'ween those of common and those of yellow mosaic, the tissues that 
showed the green or common mosaic being m excess of those that 
showed the yellow mosaic. Mixtures of inoculum which contained 
the small amounts of the wus extract of yellow mosaic induced less 
yellow mosaic than mixtures which contamed the larger amounts. 
It will be noted in table 3 that the extracts which contained the 
smaller proportions of yellow-mosaic virus did not induce blends in 
all of the plants in a given series. Most of the plants developed only 
common mosaic during the first few” w”eeks after inoculation, followed 
by a few of the yellow”-mosaic spots characteristic of common mosaic. 
Mixtures containing 99 or more parts of type A yellow-mosaic extract 
to 1 part of common-mosaic extract developed intense yellowr mosaic 
soon after inoculation, and the symptoms were like those of the plants 
which were inoculated with the pure virus of yellow” mosaic. As these 
plants continued then growdh common mosaic gradually dominated 
the new tissues, as indicated in table 4. 



Table Comparative responsea of the virus of common mosaic and the virus of type A yellow mosaic to diluHan tdih tvalt'i% o7ifl the numbered 
leaves showing ydlow-mosaic spots oti plants with common mosaic^ and the approximale size of these spots on each leaf 
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Table 3. —Types of symptoins produced on tobacco when inoculated with synthetic 
mixtures of virus extracts of common mosaic and of type A yellow niosaic and with 
each virus separately 


[Inoculations made June 22 , 1927; 5 plants inoculated with each extract] 


Parts ot virus ex¬ 
tracts used in the 
mixtures 


1 

j 


Virus ex¬ 
tract of 
common 
mosaic 

Virus ex¬ 
tract of 
yellow 
mosaic 

Notes taken July S 

i Notes taken July 20 

i 

Notes taken Aug. S 

1 

0 

5 plants common mosaic.. 

5 plants had common 
mosaic, 1 to 3 yellow- 
mosaic spots on each 
plant. 

5 plants had common 
i mosaic, with 1 to 4 
3 -ellow-mosaic spots on 
each plant. 

999 

1 

5 plants common mosaic, 
but 1 plant had yellow- 
mosaic spots. 

New leaves on 5 plants 
had common mosaic 
with 1 or 2 yellow- 
mosaic spots per plant. 

New leaves on 5 plants had 
common mosaic with 1 
to 3 yellow-mosaic spots 
per plant. 

499 

1 

5 plants common mosaic, 
hut 2 plants hadyeliow- 
mosaic spots. 

New leaves on 5 plants 
had common mosaic 
with 1 to 3 yellow- 
mosaic spots per plant. ! 

New leaves on 5 plants had 
common mosaic with 1 
to 4 yellow-mosaic spots 
per plant. 

99 1 

1 


New leaves on 5 plants 
had common mosaic i 
with 1 to 4 yellow- 
mosaic spots on each 
plant. 

Do. 

1 

1 

1 

5 plants common and 
yellow mosaic, but 
common mosaic pre¬ 
dominated. 

5 plants had many yellow- 
mosaic spots on new 
leaves, but common 
mosaic predominated. 

New leaves on 5 plants had 
common mosaic with 1 
or 2 yellow-mosaic spots 
per plant. 

1 

99 

5 plants had symptoms 
of yellow mosaic only. 
Looked like yellow- 
mosaic control. 

5 plants had severe yellow 
mosaic, but more green 
tissue than yellow- 
mosaic control. 

Do. 

1 

499 

.do. 

5 plants looked like the 
yellow-mosaic controls. 

AU 6 plants had much 
yellow mosaic, but com¬ 
mon mosaic was showing 
in top leaves of 5 plants. 

1 

999 


_do. 

All plants had much yellow 
mosaic, but common 
mosaic was showing in 
top leaves of 4 plants. 

0 

I 

5 plants had symptoms 
of yellow mosaic only. 

5 plants had symptoms of 
pure yellow mosaic. 

5 plants had symptoms of 
pure yellow' niosaic in all 
of the leaves. 


Table 4. —Progressive change in type of symptoms on tobacco leaves as the plants 

developed 


Observations were made on each plant which was inoculated with the virus mixture containing 1 part of ex¬ 
tract of common mosaic and 99 parts of extract of type A yellow mosaic in the experiment cited in table 3. 
Notes were taken Aug. 8 . Leaf numbers start with the first leaf to show symptoms after inoculation] 



Leaf numbers in each symptom group on each plant 

Type of symptoms on leaves 

Plant 1 

Plant 2 

Plant 3 

Plant 4 

Plant 5 

Dead; originally all yellow mosaic.. 

1-5 

1-4 

1-5 

1-5 

1-4 

Entirely yellow mosaic. 

6-13 

5-16 

6-13 

6-13 

5-11 

Blends of common mosaic and yellow mosaic_ 

Common mosaic with the occasional yellow-mosaic 

14-20 

17-22 

1 

14-21 

14-19 

12-16 

I 

spots... 

21-27 

23-26 

22-28 1 

! 

20-28 

17-27 


In an earlier paper {15) it was pointed out tliat tobacco plants 
having common mosaic show no changes in symptoms after being 
reinoculated with the pure undiluted virus of yellow niosaic. The 
same results have been obtained with all the yellow mosaics which 
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the writer has isolated from tobacco and tested against common 
mosaic. Thnng (27) later reported similar obseryations, and he 
reports that tobacco plants ha^dng the yellow or “white” mosaic show 
no change in symptoms when reinoculated with the virus of common 
mosaic. The writer’s results are not in accord with those of Thung 
on tMs point. When plants with type A yellow mosaic growing at 
temperatures of about 21® to 24® C. were reinoculated with a fresh 
undiluted virus extract of common mosaic, from 5 to 20 of the sub¬ 
sequent leaves exhibited yellow mosaic, the characteristic green 
mottling of common mosaic then gradually appeared, and from 8 to 
25 leaves developed blended symptoms, the green mottling of common 
mosaic gradually gaining in proportion to the yellow. The subse¬ 
quent leaves exhibited the characteristic mottling and the occasional 
small yellow-mosaic spots typical of common mosaic.^ Virus from 
light- and dark-green mottled portions of these leaves induced com¬ 
mon mosaic when inoculated into healthy tobacco plants. When the 
stems of mature plants were cut back leaving only the portions which 
had developed the yellow-mosaic leaves prior to the reinoculation, it 
was found that the buds produced branches which developed typical 
common mosaic. Yellow-mosaic control plants which were not rein- 
OGulated exliibited typical yelloW' mosaic throughout the test, and the 
lower side shoots developed typical yellow mosaic when the stems were 
cut back, Thung may have discarded his test plants too soon; also 
it is possible that his method, his viruses, his tobacco, or the environ¬ 
ment may account for his negative results. 

From the results presented in the foregoing paragraphs, it seems 
reasonable to conclude that the virus of yellow mosaic either is not 
present in available form in tissues showing only the common green 
mosaic or if it is present the number of virus particles is considerably 
smaller than the number of particles of common-mosaic virus. 
Therefore, on diluting a virus extract obtained from leaves showing 
only the common green mosaic, a point should be reached wdiere the 
number of particles of the yeUow-mosaic virus would be nil or too 
small to produce infection, but where there would be a sufficient 
number of particles of the other virus to induce infection. On the 
basis of random assortment, a high percentage or all of the infected 
plants resulting from such a dilute virus should develop the common 
green mosaic free from yellow-mosaic spots. 

Dilution tests were carried out and the plants were held for close 
observation throughout the entire life cycle. Plants which developed 
common mosaic also developed yellow-mosaic spots, and there was no 
essential difference in the relative time of their appearance or in the 
range in number or size of the spots produced on plants inoculated 
with dilute virus as compared with plants inoculated with concen¬ 
trated virus. The results of a typical test are showm in table 2. 
These results were unexpected, for it was thought that the virus of 
yellow mosaic could be readily eliminated from the virus of common 
mosaic. The phenomenon appeared to represent some unusual type 
of nmture or a mutation of the common-mosaic virus. With these 
possibilities in mind further tests were carried out. 

It was found that dilute virus of common mosaic was inactivated 
at slightly lower temperatures than concentrated virus (13^ 22). 
Accordingly extracts were diluted 1,000 times in w^ater and treated 
for 10 minute at temneratures ranging from 85® to 90® C. AU the 
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inoculated plants tliat developed symptoms, first expressed tlie green 
mottling typical of common mosaic, which was indistinguishable from 
the symptoms in plants inoculated with the undiluted iinheated virus. 
As the plants developed, the typical yellow-mosaic spots appeared on 
from 1 to 6 leaves on each plant, and the symptoms in the plants 
inoculated with the heated virus were essentially indistinguishable 
from those in the plants inoculated with the imheated virus. 

In view of the previous results it seemed strange that these treat¬ 
ments failed to eliminate the yellow-mosaic virus if it represented a 
mixture. Accordingly, especial attention w^as given to methods for 
preventing the possible accidental contamination of the experimental 
materials. 

As the studies progressed and it wns found that the purified mild 
dark-green mosaic collected in the Canary Islands failed to manifest 
yellow-mosaic spots, it became evident that this mosaic might prove 
of value in testing for the separation of yellow-mosaic virus from it in 
synthetic mixtures. When these viruses were blended in different 
proportions the plants inoculated with mixtures containing large pro¬ 
portions of virus of yellow^ mosaic developed only the symptoms typ¬ 
ical of pure yellow mosaic. WTien the proportions of virus of mild 
dark-green mosaic were increased some of the inoculated plants 
developed only yellow^ mosaic, some expressed blended symptoms 
follow-ed by intense yellow mosaic, and some show^ed symptoms of 
mild dark-green mosaic with no signs of yellow^ mosaic. The results 
of two tests with mixtures including type A yellowy-mosaic virus are 
presented in table 5. 

Table 5. —Types of symptoms expressed by tobacco plants inoculated with synthetic 
mixtures of virus extracts of 7nild dark-green mosaic and type A yellow mosaic^ and 
with each virus separately ^ 

TEST 1 


Plant no. 

GM 

only 

1 part 
GM, 

1 part 
YM 

9 parts 
GM, 

1 part 
YM 

49 parts 
GM, 

1 part 
YM 

99 parts 
GM, 

1 part 
YM 

249 parts 
GM, 

1 part 
YM 

YM 

only 

1.... 

G 

Y i 

Y 

GY 

G 

G 

Y 

2..; 

G 

Y 

■ Y 1 

GY 

GY 

G 

Y 

3... 

G 

Y ! 

i Y 

GY 

GY 

1 G i 

Y 

4. 

G 

Y i 

1 Y ! 

GY 

' GY 

G 

Y 

5__-.. 

G 

Y ! 

1 

GY ; 

1 

1 GY i 

Y 

Y 



TEST 2 


Plant no. 

GM 

only 

1 part 
GM, 

1 part 
YM 

9 parts 
GM, 

1 part 
YM 

99 parts 
GM, 

1 part 
YM 

499 parts 
GM, 

1 part 
YM 

999 parts 
GM, 

1 part 
YM 

YM 

only 

1..... 

G 

Y 

Y 

Y 

. 

GY 

Y 

Y 

2...^ 

G 

Y 

Y 1 

GY 

GY 

GY 

Y 

3..... 

G i 

Y I 

GY ! 

GY 1 

GY 

GY 

Y 

. . . ■ 

G j 

Y 1 

GY 

GY 1 

GY 

' GY 

Y 

5.-...' 

" i 

Y i 

GY 

1 ! 

GY i 

GY 

G 

i Y 



1 GM and YM in the box heads indicate vims extract from mild dark-green mosaic and from yellow 
mosaic, respectively. G and Y in the columns indicate the symptoms of mild dark-green and of yellow 
mosaic, respectively, in the plants that were inoculated with the virus mixtures or with pure virases as in¬ 
dicated- In the case of all plants that developed the symptoms of both mosaics, the symptoms of green 
mosaic eventually were lost and only the yellow mosaic was expressed by the new leaves. 
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Healthy tobacco plants and tomato plants were inoculated with 
vims obtained from plant no. 5 in table 5, test 2, which had been 
inoculated with 999 parts of extract from mUd dark-green mosaic to 
1 part of extract from yellow mosaic. Tomatoes are not susceptible 
to this green mosaic, but are very susceptible to type A yellow mosaic. 
The tomato plants remained free of mosaic and the tobacco plants 
developed mild dark-green mosaic with no signs of yellow-mosaic 
spots. 

It was pointed out in another paper (15) that plants with mild 
dark-green mosaic when reinoculated with the virus of yellow mosaic 
ultimately developed yellow mosaic on the new foliage, the reverse of 
the situation in common mosaic. Blended symptoms developed first, 
followed later by yellow mosaic which crowded out the mild dark- 
green mosaic. Plants showing the blended stage in^ the symptoms 
frequently produced leaves with rather large areas which were devoid 
of yellow-mosaic spots. Such areas were used to supply virus for 
inoculating healthy tobacco plants. In one test five healthy plants 
were inoculated with undiluted extract from such tissue and all plants 
developed yeUow mosaic. The same extract was diluted to 1,000 
times its original volume in sterile distilled water and used to inocu¬ 
late five healthy tobacco plants. Each plant developed mild dark- 
green mosaic and each was free from yellow-mosaic spots throughout 
the life cycle. 

When the virus of type B yellow mosaic was mixed with the virus of 
mild dark-green mosaic in the proportion of 1 part to 99 parts, only 
1 plant of the 10 inoculated developed mild dark-green mosaic and 
show^ed no trace of yellow mosaic. The results of this test are pre¬ 
sented in table 6. 


Table 6.— Expression of green mosaic, yellow mosaic, or blends of the two, by to^ 
bacco plants inoculated with synthetic mixtures of virus extracts of mild dark'-green 
mosaic and type B yellow mosaic and with each virus separately ^ 


Plant no. 

GM 

only 

99 parts 
GM, 

1 part 
YM 

249 parts 
GM, 

1 part 
YM 

YM 

only 

Plant no. 

GM 

only 

99 parts 
GM, 

1 part 
YM 

249 parts 
GM, 

1 part 
YM 

YM 

only 

1._.J 

G 

GY 

GY 

Y 

6. 


GY 

GY 


*?, 

G i 

GY 

GY 

Y 

7 


GY 

GY 


3. 

G 1 

GY 

GY 

Y 

S 


GY 

GY 


4 . 

G i 

GY 

GY 

Y 

9.. 


GY i 

GY ! 


5. 

G 

GY 

GY 

y 

10. 


G 

GY i 

1 









1 GM and YM in tha box beads indicate virus extract from mild dark-green mosaic and from yellow 
mosaic, respectively, in the inoculum. G and Y in the columns indicate the symptoms of mild dark-green 
and of yellow mosaic, respectively, in the plants that were inoculated with the virus mixtures or with pure 
viruses as indicated. In the case of all plants that developed the symptoms of both mosaics, the symptoms 
of green mosaic eventually were lost and ohiy the yellow mosaic was expressed by the new leaves. 

The results obtained with the mixtures of mild dark-green mosaic 
and the yellow mosaics are in accord with the results expected from 
ordinary mixtures or contaminations in which an independent random 
distribution of the units or particles occurs. The fact that yellow 
mosaics could be eliminated from the mild dark-green mosaic without 
resortiug to extremely high dilutions or special treatments, but could 
not be eliminated from the diluted virus of common mosaic, is a 
strong indication that the virus of the yellow-mosaic spots does not 
constitute an ordinary contamination from an outside source, but 
arism in the plant after the onset of common mosaic. 
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WMe these tests strongly suggested that the virus of yellow 
mosaic represented a mutant, it seemed advisable to give considera¬ 
tion to the hypothesis that this virus has an inactive stage caused 
by adsorption or some other phenomenon, and that the yellow- 
mosaic spots develop when something happens to activate the virus. 
If this hypothesis is correct, in accordance with the theory of random 
sampling from a mass in which there is independent random distribu¬ 
tion, the dilution tests should have eliminated the inactive forms, 
at least in a few of the plants, which would result in some cases of 
common mosaic without the yellow spots, unless the inactive par¬ 
ticles are always greatly in excess of those of the common-mosaic 
virus. If this is true the dilution studies again should supply the 
evidence. 

With dilutions of common mosaic of 50,000 to 100,000 times, some 
of the many plants which show no common mosaic should have 
developed late signs of yellow mosaic as a result of inactive yellow- 
mosaic particles which survived these dilutions, such particles later 
becoming active and producing infection. Yellow-mosaic spots 
such as are associated with common mosaic probably would not 
occur on these plants since the suppressing influence of the common 
green-mosaic virus would be absent. The yellow-mosaic symptoms 
in such plants should be comparable to those which develop when 
healthy plants are inoculated with pure virus of this mosaic. Of the 
many plants observed throughout the dilution studies, no such case 
has ever occurred. These results seemed to give satisfactory grounds 
for rejecting the hypothesis advanced in the preceding paragraph, 
but further tests were carried out to determine whether some treat¬ 
ment of the virus of common mosaic in vitro might shed light on the 
possibility that some type of dissociation phenomenon was operating. 
If such were the case striking blends of yellow and green mosaic, pme 
green mosaic, and pure yeUow mosaic should occur in a population 
of plants inoculated with virus given certain treatments. 

Extracts were obtained from leaves showing common mosaic 
without the yellow-mosaic spots. These extracts, in diluted and m 
undiluted form, were subjected to high temperatures (85*^ to 90® C.), 
to subfreezing, and to ultraviolet rays. Extracts were filtered and 
also treated with several concentrations of acid, alkali, acetone, and 
ethyl alcohol. Some of the extracts were fiust purified to a point 
where only slight traces of the original extraneous solids, salts, and 
soluble pigments were present in a water suspension of the virus. 
In all cases of common mosaic which resulted from virus receiving 
these treatments, the delayed expression of a few small yellow-mosaic 
spots occurred, no plants developed pure yellow mosaic, and none 
developed yellow-mosaic spots without the common mosaic. While 
many other tests might have been devised, it seemed useless to 
carry such methods anj^ farther. None of the results presented point 
to the view that the virus of yeUow mosaic is in an active or in an 
inactive form in each and every experimental extract of common- 
mosaic virus used as inoculum in the tests, but rather they favor the 
view that the yellow-mosaic virus arises spontaneously as a mutant. 

Another line of evidence against the mixture theory is found in the 
results presented in table 3 and on page 962. It wiU be recalled that 
these results indicate that the viruses of type A yellow mosaic and of 
common mosaic are not mutually compatible in tobacco. The virus 
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of commoii mosaic is the more aggressive, as it gradually^ suppresses 
or inhibits the virus of yellow mosaic which is introduced in synthetic 
mixtures* This inhibiting characteristic is taken up further in the 
final discussion on acquired immunity, and while the phenomenon 
is not fully understood, it seems quite clear that it militates against 
or prevents the indefinite survival of the yellow-mosaic vhuses thus 
far tested which were introduced experimentally into the virus of 
common mosaic. All available evidence obtained at temperatures 
near 21° to 24° C. indicates that unless there is a considerable quantity 
of yellow-mosaic virus present with the virus of common mosaic in 
an inoculum, the inoculated plants express symptoms of common 
mosaic which are indistinguishable from the symptoms expressed by 
the controls inoculated with the purest virus of common mosaic 
available (table 8). If there is sufficient virus of yellow mosaic in such 
a mixture to induce mild signs of yellow mosaic, these signs appear 
before, or simultaneously with, the first signs of common mosaic, but 
the subsequent leaves manifest symptoms like the controls, i. e., 
light- and dark-green mottling with occasional yellow-mosaic spots. 

The inhibiting characteristic of the common-mosaic virus is regarded 
as one of the strongest bits of evidence in support of the view that the 
occasional yellow-mosaic spots which are persistently associated with 
common mosaic under the conditions of the writer’s tests result not 
from virus introduced as a contaminant from the outside but from 
virus which originates as a mutant in the tissues involved in the spots. 
In fact, the results of all the tests presented thus far seem to support 
this view. 

TESTS WITH A DIFFERENTIAL PLANT WHICH DEVELOPS SYSTEMIC INFECTION 

It has been known for some time that certain viruses can be sepa¬ 
rated from mixtures by means of plants which are resistant to one 
virus but not to another. In these studies it was found that a strain 
of Nicotiana glauca served as a differential plant for the viruses of type 
A yellow mosaic and common mosaic in a rather unique manner at 
temperatures from about 21° to 24° C. in the greenhouse. When 
inoculated with these viruses the plants rarely developed symptoms 
of mosaic. When symptoms did develop they were very mild, and 
in the case of the yellow mosaic a few?" mild yellow spots occurred on 
1 or 2 leaves only near the point of inoculation, the new leaves remain¬ 
ing mosaic-free. 

It was found that a very high percentage of the Nicotiana glauca 
plants which w^ere inoculated with the common-mosaic virus were 
carriera of this virus throughout their life, even though the plants 
manifested no visible signs of mosaic. Allard (f) reported similar 
results mth N, glauca and common mosaic. In contrast with these 
results, it was found that none of the N, glauca plants which had been 
inoculated mth the virus of type A yellow mosaic carried the virus 
of that mosaic in mosaic-free leaves which developed after inoculation. 
Thirty-five N, glauca plants were inoculated with the virus of type A 
yellow mosaic and tested in this manner, and all the tobacco plants 
subinoculated from them remained free of all signs of mosaic. The 
results of a single experiment showing the differential relationship 
between the viruses of common mosaic and the yellow mosaic on 
N, glauca are given in table 7. 
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Table 7. —Behavior of Nicoiiana glauca pLants when inoculated with virus of 
■ common mosaic in contrast with plants inoculated with virus of type A yellow 
mosaiCj and the presence or absence of virus in the extracts from upper leaves of 
each N. glauca plant as shown hy inoculating the extracts into tobacco plants 


Vims of eominoii mosaic used 


Plant no. 


Presence 
I or absence, 
of mosaic i 
on each 
N. glauca 
plant 


1 . 

2 

3l 

4> 

5 , 

6 - 

7. 

8. 
9. 
10 


Presence or absence of 
virus in each N. 
glauca plant as evi¬ 
denced by plants in¬ 
oculated with extracts 
from the upper leaves 
of each N. glauca 
plant 96 and 266 days 
after the inoculation 
of the latter i 


96 days 


3- f -f 
+ + 
+ + 
+ + 

4- -h 

4 - + 
4 - 4 " 
4 - 4 - 
4 - 4 - 
4 - + 


266 days * 


34- 

4 - 4 - 
4 “ 4 " 
4 - 4 - 
4 - + 

4- 

4 - 4 - 
4 - + 

4- 4- 

4 - 4 - 


Virus of type A yellow mosaic used 


I 


Plant no. 


, Presence ' 
lor absence j 
' of mosaic i 
on each ! 
N, glauca j 
plant I 


Presence or absence 0 ! 
virus in each K. 
glauca plant as evi¬ 
denced by plants in¬ 
oculated with extracts 
from the upper leaves 
of each N. glauca 
plant 96 and 266 days 
after the inoculation 
of the latter i 


96 days | 266 days - 


3 . i 

4 . i - 

5 .i - 

6 „._.! - 

- 

Q 1 — 

loTTIITIII”; 


1 Extracts were obtained from nearly full-sized leaves near the top of each plant of V. glauca. 

2 All plants of JV. glauca were cut back and new shoots were allowed to develop and supply the extracts 
used in the second test on tobacco. 

3 Prom 1 to 5 small yellow-mosaic spots eventually appeared on each tobacco plant that developed com 
mon mosaic. 

^ 1 small yellow-mosaic spot appeared on 1 leaf slightly above the point of inoculation. 


In another test a mixed extract obtained from equal parts of com¬ 
mon mosaic and type A yellow-mosaic leaf tissues from tobacco was 
inoculated into a Nicotiana glauca plant. Small yebow-mosaic spots 
and yeUowisb-green spots developed on one leaf, but no other symp¬ 
toms appeared on the plant. Thirty-five days after this plant was 
inoculated five healthy tobacco plants were inoculated with a virus 
extract from these spots. All of the tobacco plants developed yellow 
mosaic. At the same time an extract was obtained from mosaic- 
free leaves above the leaf with yeUow-mosaic spots. This virus 
extract was inoculated into five healthy tobacco plants, ail of which 
developed only common mosaic. No blends with yellow mosaic 
occurred, but before the plants were matm*e a few of the characteristic 
yeUow-mosaic spots developed on each of them. A similar experiment 
was carried out with a mixture of the viruses of type A yellow mosaic 
and the mild dark-green mosaic. Symptoms of the mild dark-^een 
mosaic appeared on aU the plants. The healthy tobacco plants 
which were finally inoculated with virus from the upper leaves of 
these N. glauca plants developed only the mild dark-green mosaic; no 
yellow mosaic developed on any of them. 

These results show that the virus of type A yellow mosaic was local 
in the strain of Nicotiana glauca used when it was grown under the 
conditions of the tests, and that leaves above this local region served 
a positive filterlike function against the virus of the yellow mosaic 
w^hich was introduced in the inoculum. It will be noted in table 7 
that all of the tobacco plants which were inoculated with the com¬ 
mon-mosaic virus taken from N. glauca developed common mosaic. 

45695—36 - 2 
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Before maturity from 2 to 5 small yellow-mosaic spots appeared on 
each of the plants having common mosaic. Since no virus of yellow 
mosaic was recovered from the upper leaves of N. glauca plants w^hich 
had been inoculated with virus of type A yellow mosaic, it is concluded 
that any virus of type A yellow mosaic which might by chance have 
been present in the inoculum of common mosaic used to inoculate 
N, glauca, did not reach the upper leaves of these plants. Therefore, 
since the few yeiloAV-mosaic spots were delayed in their appearance 
on each tobacco plant, it is concluded further that the virus which 
induced the yellow-mosaic spots in the test tobacco plants originated 
in the tissue of these spots. These results are in agreement with 
those obtained by other methods in that they indicate virus mutation 
in common mosaic. 

VIRUS ISOLATIONS PROM LOCAL NECROTIC LESIONS AND PRELIMINARY STUDIES 
ON THE LESION TECHNIQUE 

The necrotic-lesion technique devised by Holmes (d) was used to 
throw additional light on the problem of virus mutation, and the 
results were reported briefly in an earlier resume (19), 

Holmes (6) suggested that necrotic lesions might be analogous to 
the colonies of bacteria obtained in the plating and purifying tech¬ 
nique. Accordingly the writer used the method to determine the 
possibility of reclaiming the virus of rmld dark-green mosaic from 
synthetic mixtures with the virus of type A yellow mosaic. This was 
done as a preliminary step as it seemed reasonable to believe the method 
could be applied to other viruses if satisfactory results were obtained. 

Leaves of Nicotiana glutinosa were removed from the plants, wiped 
with virus extract, and thoroughly rinsed with sterile distilled water. 
The leaves vrere then placed in a previously sterihzed covered dish and 
kept in a humid atmosphere at about 22° C. until the necrotic lesions 
developed, great care being taken to maintain aseptic conditions, so 
far as foreign viruses were concerned, during the whole procedure. 
The lesions were examined under a lens in order to discard any cases 
in which incipient lesions might be close to the typical lesions. 
Lesions sufficiently separated were carefully removed by means of 
a small sharp dissecting spear, and each lesion was macerated and 
pushed into the junction point of a petiole and stem of a mosaic-free 
tobacco plant. 

Nineteen lesions were selected at random from leaves wiped with 
the above-mentioned mixture of viruses. Each lesion was used to 
inoculate a single tobacco plant. Two of these plants developed 
yellow mosaic, 6 developed typical mild dark-green mosaic with no 
signs of yellow mosaic, and the remaining 11 were mosaic-free. Since 
the virus of mild dark-green mosaic was recovered free from the virus 
of yellow mosaic, it was concluded that this method serves to separate 
mixed viruses. 

*^other test was carried out vith the virus of common mosaic. 
This extract was obtained from tobacco leaves showing no signs of 
yellow-mosaic spots. It was diluted in water, to reduce the number 
of lesions and used to vdpe the leaves removed from Nicotiana rustiea 
and N, glutinosa plants. One htmdred and twenty-seven lesions 
were isolated from these leaves and inoculated separately into the 
same number of young tobacco plants. Of these plants, 120 developed 
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typical common mosaic, and typical yellow-mosaic spots erentually 
made their appearance on each plant. The 7 mosaic-free plants 
remained so during the test. The appearance of the yellow-mosaic 
spots was delayed, and 1 to 3 spots appeared on each plant as is 
usual in common mosaic at moderate growing temperatures. 

As in all previous tests, the results obtained with the local-lesion 
technique indicate that the virus of the yellow-mosaic spots does not 
represent a contamination from outside sources which is carried along 
in all inoculation extracts of common mosaic, and they support the 
idea of virus mutation. This conclusion is based on the successful 
separation of the virus of mild dark-green mosaic from the virus of 
yellow mosaic, and not on the assumption that necrotic lesions are 
incited by single virus particles. 

This paper deals primarily with the problem of virus mutation and 
not with the necrotic-lesion technique. How^ever, since this method 
is used in virus-mutation studies, it seems permissible to digress 
from the main subject long enough to discuss certain aspects of this 
technique. 

It has been considered (8, 10, 28) that the local lesions rarely con¬ 
tain more than one type of virus when mixed viruses are used to wipe 
the leaves of suitable species, and it is inferred that the lesions are 
induced for the most part by single virus particles. So far as the 
writer knows, no data have been presented which make it possible to 
pass fair judgment on this point. Mixed extracts containing the 
viruses of common mosaic and yellow mosaic have been used to wipe 
leaves of species which produce local necrotic lesions. The resulting 
necrotic lesions have been isolated and each has been inoculated into 
a single tobacco plant, with the result that the infected plants devel¬ 
oped either yellow mosaic or common mosaic, but rarely blended 
symptoms of both diseases. On this basis it has been considered that 
necrotic lesions are rarely incited by more than a single virus particle. 

This method of determining the presence of type A yellow-mosaic 
virus in a lesion which also contains the virus of common mosaic is 
of questionable value for the reason that all the evidence indicates 
that the virus of common mosaic is more aggressive than that of type 
A yellow mosaic. It is admitted that this evidence w'as obtained 
from systemic symptoms, but until otherwise showui, it is reason¬ 
able to suppose that the same aggressive relationship obtains in 
lesions. 

The data presented in table 3 rather clearly indicates that this 
aggressive characteristic prevented the expression of yehow-mosaic 
symptoms in many tobacco plants which were inoculated with yellow- 
mosaic virus extract that had been diluted 100, 500, and 1,000 
times in virus extract of common mosaic. All the plants that were 
inoculated with mixtures containing the virus extract of yellow mosaic 
in quantities greater than the virus extract of common mosaic first 
developed the symptoms of pure yellow mosaic, and these persisted for 
some time. During this period the experimenter would conclude that 
these plants had received no virus of common mosaic m the mocidum, 
and if the plants had been discarded during this period it is evident 
from the tables that this conclusion would be erroneous. On long 
standing, each of these plants eventually gave the true story. ^ Even 
though the quantity of common-mosaic virus was smaller in the 
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beginning, its aggressive and suppressive characteristics made possible 
the manifestation of common mosaic before the plants were mature. 

The tests cited in tables 3 and 4 were made some time before the 
locaUesion method was developed. However, after Kunkel {11) 
reported that Nicotiana sylvestris developed necrotic lesions when 
inoculated with virus of aucuba mosaic (a yellow mosaic), but systemic 
symptoms when inoculated with the virus of common mosaic, the 
following tests w’ere carried out. These tests wrere made to determine 
further the possibility of getting a satisfactory assay for yellowy- 
mosaic virus in mixtures with the virus of common mosaic when using 
tobacco as the test plant. 

Fresh extracts were obtained from actively growing leaves on 
tobacco plants with type A yellow mosaic and also from plants with 
common mosaic. These extracts w^ere mixed in the proportion of 1 
part to 99 parts and 1 part to 999 parts, respectively. In addition, 
there were controls in w’-hich water was used to dilute the virus of 
yellow^ mosaic. Each of these extracts, including the undiluted ex¬ 
tracts, was used to inoculate 10 healthy tobacco plants by the needle- 
cotton method described previously { 14 ), to inoculate 10 healthy 
tobacco plants by wiping 1 medium-sized leaf on each plant, and to 
wipe 10 or more leaves on Nicotiana sylvestris plants. The total leaf 
area wiped in a given set of 10 tobacco plants was estimated to be 
about equal to the total leaf area wiped on the N. sylvestris plant 
inoculated with the corresponding extract. The leaf area wiped on 
each plant of N, sylvestris averaged approximately 1,000 cm^. The 
leaves of N, sylvestris were wiped after the tobacco plants were inocu¬ 
lated. 

The tests on Nicotiana sylvestris (table 8) show that virus of yellow^ 
mosaic was potent in the mixtures with common-mosaic virus which 
were inoculated mto the tobacco plants, and the tests on tobacco with 
the yellow-mosaic virus which was diluted in water show a high per¬ 
centage of infection. It will be observed further that no striking case 
of yeUow mosaic appeared in any of the tobacco plants inoculated 
with the extracts containing the viruses of both mosaics. A few^ 
plants showed yellow-mosaic spots on one or more of the first leaves. 
The great majority of plants developed common mosaic which was 
indistinguishable from that in the common-mosaic controls. Dilu¬ 
tions of 100 and 1,000 are not great, yet these tests demonstrated that 
it was not possible by the systemic-symptom method alone to obtain 
an adequate test for the yeUow-mosaic virus w^hich was present in 
appreciable amounts wdth the virus of common mosaic. Howyever, 
subsequent tests have showm that type A yellowy-mosaic virus wy^hich 
was present in similar plants with common mosaic was-detectable by 
means of necrotic lesions on the leaves of N, sylvestris wyhich had been 
wiped with the extracts from such plants. 

Kunkel {10) used Nicotiana sylvestris as a test plant for viruses from 
lesions produced on leaves of N. langsdorffii Schrank., which had been 
pimctured with needles carrying mixed viruses of common mosaic and 
aucuba mosaic. No data wnre presented, but from these tests he 
concluded that except in a small percentage of cases the lesions 
resulted from a single xmit of virus. His use of the term unit is not 
defined, but one is left to infer that it signifies one particle and not a 
minimum dose, wyhich might include several particles. 



Dec. 1 ,1935 Vitus MuMion in Common Mosaic of Tobacco 


971 


Table 8. —Results of 2 tests ilhistratmg the nncertainty of determining virus 
mixtures of coinmon mosaic and type A yellow mosaic at to 24 ° C. 


Parts of virus extract or 
water used in preparing ! 
the mixtures 1 

i 

Method 
used for 
making 
assay 1 

Water 

Extract 
of com¬ 
mon 
mosaic 

Extract 
of yellow 
mosaic 




fA_.. 

0 

0 

1 

B_.. 




C_ 




A. 

99 

0 

1 

.. 




0_ 

[A_ 

0 

99 

1 

.. 



1 

1 

,C_ 



I 

A_i 

0 

1 

0! 

’B_i 



! 

r.._.i 




A.... 

0 

0 

1 i 

• B_1 




c_ 




A_ 

999 

1 0 

1 

• B-. 




C_ 




fA. . 

0 

999 

1 

B_' 




C.. 




A. 

0 

1 

0 

B. 




C.. 


Notes OQ tobacco plants based on obserrations made during the 
first 30 days after inoculation 


10 tobacco plants had yellow mosaic. 

Do. 

2.91 necrotic lesions per cm2 of leaf surface on Xicotiana sjflrcsfris. 
10 tobacco plants had yellow mosaic. 

Do. 

0.117 necrotic lesions per cm2 of leaf surface on X. sylvesfris. 

6 tobacco plants had common mosaic only; 4 tobacco plants had 
common mosaic predominating, but yellow-mosaic spots ap¬ 
peared on from 1 to 4 of the first leaves to show mottling. 

6 tobacco plants had common mosaic only: 4 tobacco plants had 
common mosaic predominating, but yellow-mosaic spots ap¬ 
peared on from 1 to 3 of the first leaves to show mottling. 

0.096 necrotic lesions per cm® of leaf surface on X. sylvesfTis. 

10 tobacco plants had common mosaic. 

Do. 

No necrotic lesions on leaf surface of A', sylvestrii^. 

10 tobacco plants had yellow mosaic. 

Do. 

1.03 necrotic lesions per cm2 of leaf surface on X. sylvestm. 

6 tobacco plants had yellow mosaic; 4 tobacco plants mosaic-free. 
10 tobacco plants had yellow mosaic. 

0.014 necrotic lesions per cm2 of leaf surface on X. sylvestris. 

10 tobacco plants had common mosaic. 

10 tobacco plants had common mosaic, but 1 plant bad 1 yellow- 
green spot on the second leaf which developed common mosaic. 
0.022 necrotic lesions per cm2 of leaf surface on X. aylvestris. 

10 tobacco plants had common mosaic. 

Do. 

0.006 necrotic lesions per cm2 of leaf surface on AL sylvestris.^ 


1 3 methods of testing were used as indicated by the roman letters as follows; A, Tobacco plants 
were inoculated by the needle-cotton method previously described (14); B, tobacco plants were inocu¬ 
lated by wiping a leaf with the same extract used in method A; C, 10 or more leaves of X. sylvesiris plants 
were inoculated by wiping with the same extract used in method A. The number of necrotic lesions is 
based on a unit area of the leaf surface, i. e., 1 cm2. 

2 The common-mosaic tissue used for this control contained a few yellow-mosaic spots. 


The writer has not had an opportunity to test the amount of in¬ 
crease of virus in the lesions produced by Nicotians langsdorffii. 
However, tests have indicated that the increase frequently is very 
small in necrotic lesions produced by N, rustica, N, glutinosa^ and N. 
sylvestris, Caldwell (2) also foimd a small increase of the virus in 
the necrotic lesions he tested. It is a common occurrence to get 
negative results in testing for the presence of virus in necrotic lesions, 
and with common-mosaic virus it has been unusual to obtain more 
than 10 lesions on a leaf of N. rustica when wiped with extract from 
a single lesion isolated from N. rustica, the leaves in both instances 
bein^ attached to the plant. This situation makes it difficult to 
obtam a positive test for the presence of one or the other virus in a 
mixture if one virus is considerably in excess of the other or if one is 
decidedly more aggressive than the other. Tests indicate that the 
central areas in lesions contain little or no virus when they become 
necrotic; thus in many cases the evidence of a primary mixture might 
not be obtained when only the peripheral virus is available for test. 

If it is found that necrotic lesions in the great majority of cases are 
incited by single virus particles, it will be of considerable experimental 
importance. However, wholly aside from^ the point as to the actual 
number of virus particles which incite a lesion, it is reasonably evident 























972 


Journal of Agricultural Research 


Vol. 51s no. 11 


that certain necrotic lesions either contain but one type of virus, or 
in some cases of mixture, one virus is of such high relative concentra¬ 
tion that the presence of others in the lesion cannot be detected by 
ordinary methods. Consequently those in the minority which are 
not too*^ aggressive are completely lost in series transfers, leaving the 
most concentrated vims to survive in a pure state. 

'While the lesion method does permit the separation and purification 
of certain viruses, it should be made very clear that the techniques 
which are based on the systemic invasion of the virus and mosaic 
mottling have made it possible to separate and purify many viruses 
through the isolation of local tissues which e^ibit departures in 
symptoms, followed by the dilution of the virus extract thus obtained 
and its subsequent inoculation into populations of plants. This pro¬ 
cedure is based on the elementary principle of independent random 
distribution of the particles in an extract and on reducing the concen¬ 
tration of the virus that is present in smaller quantity to a point 
where it is no longer detectable in all of the random samples used for 
inoculating the test population. Through a careful study of symp¬ 
toms the worker learns to detect irregularities in local areas of tissue 
in a given plant and in individual plants in a series. Selections and 
inocidations from these through successive tests frequently establish 
new types of virus. This method has wide application and can be 
used in studying certain viruses not known to induce the local lesions. 

TESTS WITH DIFFERENTIAL PLANTS WHICH DEVELOP LOCAL NECROTIC LESIONS 

In studies on Nicotiana species a collection of N. affinis w^as received 
which comprised several rather obvious genetic types differing in 
flower color, time of flowering, and texture of leaves. In the group 
w^hich produced flowers late it was found that necrotic lesions devel¬ 
oped on the detached leaves which were wiped with the virus of type 
A yellow mosaic. In certain of these plants necrotic lesions developed 
on detached leaves which were wiped with virus of common mosaic, 
but in other plants the wiped leaves developed yellowish-green areas. 
Kunkel (11) has reported that the virus of common mosaic fails to 
induce necrotic lesions, whereas the virus of aucuba mosaic (a yellow 
mosaic) does induce necrotic lesions on the leaves of N. sylvestris. 

This differential relationship in Nicotiana affinis and N, sylvesiris 
was used in testing the virus-mutation theory in the following ways. 
Plants were first tested to determine whether their leaves were 
negative for the expression of the characteristic necrotic lesions when 
wiped with virus extract of common mosaic. This was done with 
detached leaves to insure against systemic infection in order that a 
given plant might be used to supply leaves for several experiments. 
Another set of detached leaves was wiped with a synthetic mixture 
of common-mosaic virus and type A yellow-mosaic virus in the pro¬ 
portion of 999 parts to 1, and it w^as found that the yeUow'-mosaic 
virus did induce necrotic lesions. 

When plants were known to be satisfactory for test purposes, 4 
leaves were removed, 3 from Nicotiaim affinis and 1 from N. sylvestris, 
and each was wiped with a virus obtained from a different tobacco 
plant having common mosaic. No necrotic lesions developed on these 
leaves. Each leaf wras used to inoculate healthy tobacco plants. In 
all, 18 plants were inoculated. All plants developed common mosaic, 
and the delayed expression of from 1 to 4 small yellow’--mosaic spots 
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occiirred on eacli plant. Three of these spots were tested on N. 
sylvestris and the viruses were found to induce necrotic lesions. 

Another test was carried out with a plant of Nicoiiana sylvestris 
known to be a positive tester for the lesions of type A veUow mosaic 

1 • Tl * _i* *iTi1 • 


wnen m comumauon wim me virus 
of common mosaic. One leaf of this 
plant was trimmed, wiped vith ex¬ 
tracts of common mosaic and of yel¬ 
low mosaic, and rinsed with water. 
The method is illustrated in figure 4. 
Care was exercised to confine the 
virus extracts to the areas wiped. 
The leaf was left attached to the 
plant. ISl ecrotic lesions appeared on 
the margin wiped with virus of yel¬ 
low mosaic. No necrotic lesions 
appeared on the half of the leaf wiped 
with virus of common mosaic, but 
yellowish-green areas did appear and 
common mosaic finally developed in 
the new leaves. As soon as mosaic 
appeared in the young leaves the 
inoculated leaf was removed. The 
portion of this leaf lying between the 
midrib and near the border of the 
necrotic lesions was cut into two 
strips, sections 6 and c as shown in 
figure 4, and each strip was pulped 
in a small amount of water. The 
resulting inoculum from each strip 
was wiped separately on attached 
leaves of two plants of N. sylvestris. 
All these leaves remained free of 
lesions. Common mosaic appeared 
on the new leaves of the plant inoc¬ 
ulated with extract from the strip 
nearest to the midrib, but the plant 
inoculated with extract from the 
other strip remained healthy. A 
detached leaf from each of these 
plants was wiped with virus of type 
A yellow mosaic and typical lesions 
appeared, showing that the plants 
were of suitable test value. 

These results seem to support the 
view that the virus of type A yellow 
mosaic did not pass from the leaf illus¬ 
trated in figure 4 into the new leaves. 
The small central leaves showing 
common mosaic were removed and p 



Figure 4.—Diagram of a leaf of Nkotiana 
tm illustrating a method of inoculation used to 
determine whether the virus of type A yellow 
mosaic is detectable in the virus extract of com 
mon mosaic, and whether the virus of this yellow 
mosaic passed into tissues far removed from the 
lesioiK. The leaf was left attached to a healthy 
plant and inoculated in the following manner: 
The base was trimmed as shown, section a was 
then wiped with a virus extract of common 
mosaic and section d was wiped on the margin 
with virus extract of yellow mosaic. N o nenrotie 
lesions developed in section a, but many lesions 
developed on the margin of section d. When 
common mosaic appeared in the small central 
leaves of the plant the inoculated leaf was re¬ 
moved. Sections b and c were cut from the leaf 
and each was pulped separately, and the result¬ 
ing extracts were wiped on leaves of separate 
plants of N. sylmsim. No necrotic lesions 
appeared on these leaves, but common mosaic 
appeared in the plant which was wiped with 
the extract from section b. The plant wiped 
withextractfrom section c remaineef mcmic-hee. 

ilped. The resulting extract was 


wiped on leaves of Nicoiiana sylvestris and also inoculated into tobacco 
plants. No necrotic lesions developed on the leaves of N. sylvestris but 
common mosaic did develop. Only the green mottling of common 
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mosaic appeared on tlie plants during the first 4 weeks of growth, but 
after that a few small yellow-mosaic spots appeared on each plant. 

Virus extracts were obtained from some of these yellow-mosaic spots 
and wiped on the leaves of N. sylvestris. In some cases only the typical 
necrotic lesions developed and in other cases a systemic type of yellow 
mosaic resulted. The systemic type of yellow mosaic was not in evi¬ 
dence in previous tests of the stock virus of type A yeUow mosaic. 

The results obtained in the tests with N. sylvestris and iV. affinis 
seem to w^arrant the conclusion that the yeUow-mosaic spots which 
appeared in the test tobacco plants resulted from viruses which origi¬ 
nated in the tissues involved in the spots and not from virus which 
had been carried along as a contaminant with the virus of common 
mosaic. As in all other methods used, this method supports the view 
that the virus of common mosaic mutates. 

TYPES OF YELLOW MOSAIC ISOLATED FROM TOBACCO 

It was pointed out in an abstract (17) that several types of yellow 
mosaic have been isolated. Three of these are described briefly here. 

Type A ,—^This yellow^ mosaic resembles Johnson^s (9) virus no. 6. 
It was isolated by the WTiter from the common mosaic wliich was used 
tliroughout the present studies. At high summer temperatures 
tobacco plants develop a bright yellow or sometimes a creamy white 
mottling. When growing temperatures are reduced the yeUow color 
of the mottled areas of subsequent foliage gives way to a light green 
as a result of a gradual increase in the chlorophyll content. At 
temperatures of about 13"^ to 15® C., this yellow mosaic is indistin¬ 
guishable from the common mosaic on tobacco plants grown at 
temperatures of about 21® to 24®, yet the virus from plants grown at 
these low temperatures induces typical yellow mosaic when inoculated 
into plants cultured at 21® to 24®, thus indicating that the symptom 
changes are not due to a mixed virus. 

On the Canary Island strain of N. glauca, symptoms are either 
absent or very mild, especially at 21® C. and belo'w, and the virus 
is not carried in mosaic-free leaves and stems in the upper portion of 
plants that are allowed to continue growth for several weeks or months 
after inoculation. 

The virus produces necrotic lesions on the leaves of N. rustical 
N. gluiinosaj N. sylvestris, and certain strains of N, affinis at 21® 
to 24® C. The properties of the virus in vitro are similar to those of 
the virus of common mosaic. 

If the strain of N, glauca used by Johnson (9) is genetically the 
same as the writer’s strain, then type A yellow mosaic may be the 
same as Johnson’s no. 6 yellow mosaic, for he states that the symptoms 
are often masked on N. glauca, Jensen {8) has described a yellow 
mosaic (isolation no. 102) that shows symptoms like the writer’s 
type A yeUow mosaic on tobacco, and he considers his mosaic to be 
similar to Johnson’s no. 6 and to auciiba mosaic, but, according to 
Kunliel {11) aucuba mosaic induces necrotic lesions on leaves of 
N, sylvestris, whereas Jensen’s does not. 

Type 5.—This yellow mosaic was isolated from a yeUow spot 
^sociated with a green mosaic on tobacco. The original virus was 
in Nicotiana glauca collected on the island of Grand Canary. The 
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mild dark-green mosaic referred to in tHs paper predominated in tMs 
material and a common mosaic was also isolated with the yellow spot. 
At high summer temperatures this mosaic on tobacco has been indis¬ 
tinguishable from type A. However, chlorophyll masks the yellow 
areas of type B mosaic more rapidly at lower temperatures than it does 
those of type A.^ At temperatures near 15° to 19° C. the symptoms 
of type B mosaic on tobacco resemble those of common mosaic on 
tobacco when grown near 21° to 24° C. 

On the Canary Island strain of N. glauca this mosaic is character¬ 
ized by very severe yellow mottling on all leaves, stems, and petioles, 
and the virus is systemic in all these parts. 

The virus produces necrotic lesions on the leaves of N. rustica, 
N, glutinosa^ N. sylvestrisj and certain strains of N. affinis at 21° 
to 24° C. The lesions resemble those induced by the virus of type A. 
The properties of the virus in vitro are similar to those of the virus 
of common mosaic. 

If the strain of N. glauca used by Johnson is genetically the same 
as the vuiter’s strain, then type B yellow mosaic appears to differ 
from Johnson^s no. 6 yellow mosaic, as the writer has always obtained 
severe symptoms at temperatures above 21° C. on this host. Strain 
differences in this host must be reckoned with in virus studies, as the 
writer^s tests indicate that mottling is more severe on the Canary 
Island strain than on the Babcock and Clausen strains. 

Type G, —^This yellow mosaic w^as isolated from a yellow spot 
associated with a green mosaic resembling common mosaic on tobacco. 
The original virus was in Nicotiana glauca collected by the writer on 
the island of Grand Canary. The yellow pattern of this mosaic on 
tobacco is distinct from that caused by types A and B. The designs 
take on the appearance of lace and the degree of yellowing is less than 
in types A and B. The virus of this mosaic does not produce symp¬ 
toms on tomato, and tomato is not a carrier of the vims. On the 
Canary Island strain of N. glauca the^ symptoms appear on aU leaves, 
but they are less severe than those induced by type B. The vims 
produces necrotic lesions on the leaves of iV. rustica^ N. glutinosa, and 
N, sylvestris at 21° to 24° C. The virus retains its potency in dry 
tissue for at least 29 months at room temperatures. The thermal 
destmction point of the virus has been beWeen 80° and 85° C. in 
several tests. 

During the process of purifying this virus it W'as found that a mild 
dark-green mosaic was associated with it. Tins green mosaic is very 
similar to, if not identical with, the mild dark-green mosaic used in 
the experiments cited in this paper. ^ Since the virus of type C yel¬ 
low mosaic possesses several properties in common with the virus 
of mild dark-green mosaic, it is suspected that this yellow-mosaic 
virus may have originated from the virus of mild dark-green mosaic 
under special conditions not yet maintained in the writer’s experiments. 

DISCUSSION 

It has been shown that a few small yeUow^ spots occurred in all 
the collections of common mosaic studied. After the isolation and 
purification of the viruses from these spots it was found throughout 
long series of subinoculations that the viruses induce symptoms 
which are a distinct departure from those of common mosaic. 
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Tests indicate that these viruses arise spontaneously in association 
with common mosaic and not from contaminations from outside 
sources and the evidence presented seems to support the view that 
these new wuses represent mutants and not loosely fixed variants. 

The precise mechanism involved in the spontaneous origin of one 
viiiis from another is not known. Assuming the virus to be living 
and capable of independent regeneration, the process may be similar 
to the saltation or mutation in fungi and in higher organisms. How- 
ever, it seems likely that the virus is no larger than, if as large as, 
some genes, and therefore the mutation wmuld involve a very minute 
physical-chemical mechanism as in the case of genes. It is possible 
that the process involves changes in a chemical compound due to 
the addition of or the dropping of a radical, to alterations in valence, 
or to isomeric changes. If the plant cells provide a special mechanism 
for increasing the virus, it is possible that the first step in the mutation 
of the virus consists of a change in the function of the virus-producing 
mechanism. 

The fact that yellow-mosaic spots appeared on all of the many 
plants with common mosaic might be advanced as an argument 
against the mutation of the virus on the ground that the occurrence 
is too frequent. However, this argument carries little w’eight for 
the reason that the frequency must be based on the total number of 
virus particles involved in all of the plants and not on the number 
of plants. On this basis the millions of virus particles involved in a 
single plant would indicate a low frequency at the temperatures 
employed in these tests. 

The expression of the yellow-mosaic spots seems to be influenced 
by the environment; therefore this factor must be reckoned with in 
studies on this problem. It is entirely possible that some of the 
viruses and hosts found suitable for these studies might not be suit¬ 
able under environmental conditions differing markedly from those 
maintained in this wmrk. Host material W'hich is suitable for devel¬ 
oping evidence on the virus-mutation theory with certain yellow 
mosaics and common mosaics of tobacco may be unsuitable for 
another combination. For example, Nicotiana glauca w^as satisfac¬ 
tory for type A yellow mosaic and the common mosaic associated with 
it,, but not for type B yellow mosaic and the common mosaic asso¬ 
ciated with it because both of these latter viruses induced symptoms 
and were systemic in xV. glauca. Heterozygosity in test plants must 
be kept in mind constantly in virus-mutation and classification studies. 
This was especially evident in the studies involving N. ajinis. In 
critical work where a considerable number of plants are needed it is 
sometimes necessary to propagate vegetatively from single plants in 
order to reduce genetic irregularity to a minimum. 

In addition to the 3 yellowr mosaics isolated in these studies, 
Jensen (8) isolated 3 yellow mosaics from common mosaic of 
tobacco, and Price {^3) isolated several yellow mosaics from cucumber 
mosaic. In wheat the wHter (18) reported the isolation of a yeUow 
mosaic w^hich is closely associated wdth a green mosaic, and later he ^ 
reported another yellow mosaic which is closely associated with 
another gr een mosaic. Since that time another similar association 
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lias been found. These yellow mosaics in wheat may originate in the 
same manner as those in tobacco, but the evidence is less readily 
obtained. However, in the case of the green-mosaic-rosette virus 
repeated isolations from green mottled tissues for 5 years have failed 
to eliminate all traces of the yellow mosaic, leaving one to infer that 
the mutable characteristic is common to the green-mosaic rosette of 
wheat. 

A foliage-deforming green mosaic has been isolated from a light- 
green spot associated with the noiild dark-green mosaic used in these 
studies. 

In addition to the severe yellow^ mosaics which arise from common 
mosaic, it appears from the results presented by Holmes (7) that a 
certain masked mosaic arises from a mosaic w'hich induces mottling. 

Virus mutation opens up an interesting and important field dealing 
with the origin of new' types, the evolutionary development of viruses, 
and their relationships. The new' types obtained thus far from estab¬ 
lished types appear to possess many properties in common with the 
virus from which they are considered to have originated. The most 
striking departure of a new type thus far has been in the relative 
intensity of the symptoms induced in the host, accompanied by 
relatively minor changes in host range and other properties, hlinor 
changes in properties may signify only strain differences, but regard¬ 
less of this point there seems to be ample justification for considering 
that another virus has been isolated even though it may show a 
consistent departure from the original in but one property or charac¬ 
teristic. As this field of study is opened up it seems entirely possible 
that viruses may be obtained which will show even more extreme 
departures from the originals. A virus manifesting a radical departure 
might arise through a single mutation, but it seems more likely that 
extreme changes in properties and in host range are eventually 
effected as mutation proceeds through several stages involving differ¬ 
ent varieties and species of plants growing in different environments. 

The virus of tobacco common mosaic and the virus of cucumber 
common mosaic may be thought of as representing twm distinct 
central or basic tvpes, each fixed within limits but capable of produc¬ 
ing by mutation its particular types or strains which in turn may 
matate. While the writei' is inclined to the view that the mutants 
from these two viruses will probably fall for the most part into tw'o 
distinct groups or ranges, it is possible that some of the mutants in 
the two groups may be very similar to each other or even overlap in 
certain characteristics. From the studies on the tobacco common 
mosaic the writer is inclined to the view that this virus is not fixed to 
the extent that most workers believe. It is strongly suspected that 
some of the collections of common mosaic show differences of a mag¬ 
nitude which are fully as great as the differences exhibited between 
some of the yellow 'mosaics that arise as mutants from common 
mosaic. It seems entirely possible that the virus of tobacco common 
mosaic may have originated from another virus which may or may 
•not induce mottling symptoms in tobacco. It is not beyond the realm 
of possibility that there may be viruses which cannot induce any of 
the now recognized symptoms in any knowm species.^ However, 
mutants from such viruses might be capable of inducing signs of 
disease. 
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It seems probable that several strain types of virus resulting from 
mutation are present in many tobacco plants liaving common mosaic, 
and that this may occur in many virus diseases. Such a complex 
may explain the so-called attenuation and the increased virulence 
attributed to the exposure of certain viruses to extreme temperatures, 
passages of virus through different plants or animals, and to other 
treatments. 

The role of mutation in epidemiology has several angles which 
should be considered. Throughout the studies at the Arlington farm, 
the pure yellow mosaics of tobacco have been handled under quaran¬ 
tine, and all diseased plants and the sod in which they grew have 
been sterilized with steam before being disposed of. On tobacco and 
tomato the yellow mosaics are much more destructive than green 
mosaic, and xvith the exception of the green-mosaic rosette on Harvest 
Queen wheat and simdar varieties, this is true among susceptible 
varieties of Avheat. On the other hand, there are certain natural 
factors wliich tend to restrict certain of the yellow mosaics. 

It was pointed out in an earlier paper (Id) that pure yellow mosaics 
occur less generally than green mosaic on Nicotiana glauca in the 
Canary Islands. The same was found to be true in commercial fields 
of tobacco visited in Pennsylvania, Virginia, and Maryland. This is 
explained on the basis that there are few sources of pure yellow mosaic 
to serve as centers for spread. These are few because of the extremely 
small possibility of transmitting pure yellow mosaic from the rela¬ 
tively small number of yellow spots that appear on plants having 
common mosaic. Measurements made on a typical tobacco plant 
with common mosaic showed that the total leaf area was approxi¬ 
mately 13,600 cm^, and in this area about 1 cm^ was involved in 
yellow-mosaic spots. From this it is clear that natural and cultural 
factors could rarely be expected to successfully establish pure yellow 
mosaic in another plant from the small spots. On the other hand, the 
chances are essentially reversed when plants with pure yellow mosaic 
are exposed to natural factors in a field. 

The characteristic action of common-mosaic virus in gradually sup¬ 
pressing or inhibiting at least certain yellow-mosaic viruses arising 
from it doubtless plays an important role in delimiting the size of the 
yellow-mosaic spots. This characteristic also militates against the 
rapid establishment of cases of pure yellow mosaic under natural 
conditions. However, if these yellow mosaics get into new areas or 
on new varieties where the suppressing influence may be reduced or 
possibly reversed, they are likely to be very destructive. 

The suppressing influence of one virus over another is not fully 
understood, but it may be that the phenomenon represents differ¬ 
ences in the ability of the viruses to compete in their development, a 
situation wliich may exist without reference to a special defensive 
mechanism set up by the plant. It seems enthely possible that this 
phenomenon is similar to the antagonism between certain fungi and 
between certain bacteria. 

^ Kunkel (11) in his study of the yellow-mosaic and common-mosaic 
viruses on Nicotiana sylvestris concluded that the virus of common 
mosaic induces an acquired immunity in the plant against the virus 
of yellow mosaic. In similar studies Caldwell (S) referred to the 
phenomenon as induced immunity. The general conception of ac- 
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quired immunity has grown up to a very large extent around the 
classic example of immunization against smallpox by a presumed 
special defense mechanism set up in the body as a result of the 
immunizing agent. However, a review of the literature on acquired 
immunity in mammals shows that there are a number of types which 
differ to a considerable extent from the situation obtaining in acquired 
immunity to smallpox, and that acquired immunity is relative to a 
considerable degree. 

The wniter’s tests have shown that the common mosaic gradually 
suppresses the yellow-mosaic virus in the meristematic tissues, 
thereby effecting what possibly may be considered a cure for yellow 
mosaic. Leaves already displaying yellow mosaic continued to show 
it untn they died, but before the end of the growth cycle of the plant 
the yellow mosaic was to all intents and purposes cured in the leaves 
that were produced after those in which the blended symptoms 
appeared. Furthermore, common mosaic developed on side branches 
from the axils of leaves which had expressed yellow mosaic before the 
reinoculation with virus of common mosaic. Preliminary studies 
have indicated that the suppression of the yellow-mosaic symptoms 
is more rapid than the suppression of the virus. In the early stages 
of recovery from yeUow mosaic the yellow-mosaic virus is present 
in considerable amount in leaves showing only the light- and dark- 
green mottling of common mosaic. 

This so-called “ curative characteristic” is not an outstanding attri¬ 
bute of the agents which immunize against virus diseases in mammals, 
though in the case of rabies the disease is prevented when the Pasteur 
treatments are administered before the completion of the incubation 
period. Alleviating effects have been claimed for some of the anti¬ 
toxins and for the antiserum used against cerebrospinal meningitis. 

It is true that tobacco plants inoculated with the virus of common 
mosaic are protected against the occurrence of pure yellow mosaic, but 
the symptoms of common mosaic remain and the disease persists 
throughout the hfe of the plant when grown under normal culture 
conditions. This characteristic is distinctly at variance with the 
situation found in acquired immunity among mammals. 

If we hold strictly to the prevailing interpretation of acquired im¬ 
munity as exemplified in mammals, it is difficult to consider the mosaic 
relationship in question as representing bona fide acquired immunity. 
On the other hand, it is quite possible that the prevailing interpreta¬ 
tion is too limited for the purpose of the plant pathologist, and that 
the virus of common mosaic should be looked upon as an immunizing 
agent or “vaccine” which protects the tobacco plant against the yel¬ 
low mosaic. It seems unnecessary to assume that the virus of common 
mosaic induces the plant to set up a special protective mechanism, 
such as a system of antibodies. It appears also that the common- 
mosaic virus represents a rather low form of “vaccine” since the 
disease produced by it is permanent. On the other hand, the vhus 
represents a relatively high form of “vaccine” since ultimately it 
renders a “cure.” The Q virus used in Salaman^s {24) tests against 
the L virus in tobacco and Datura stramonium is a more efficient 
“vaccine” since it induces very slight symptoms with no^ appreciable 
effect on the health of the plants. Simon has pointed out in 
connection with the control of smallpox that during the early period 
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when prophylaxis was obtained through variolation certain people so 
treated served as carriers of the smallpox virus though they were im¬ 
munized against the disease. This danger was not removed until the 
cowpox vaccine method was used. In the case of tick fever, cattle 
which have completely recovered from an attack of the disease carry 
the parasite in the blood for long periods. 

In view of the mutable nature of some of the plant viruses, it is 
possible that in time viruses may be isolated which will protect as well 
as “cure’^ and yet vill not sur\dve indefinitely in an active form in the 
plant. 

SUMMARY 

Twenty-three collections of viruses which induce common mosaic 
or similar types of green mosaic on tobacco were obtained from differ¬ 
ent parts of the world. All of these mosaics developed a few bright 
yellow or yellowish-green spots of small size on the foliage of each 
tobacco plant tested. Three other viruses which induce green mosaics 
distinctly not of the common type on tobacco did not induce these 
yellow-mosaic spots. 

These spots contain viruses which are distinct from the virus of 
common mosaic. 

After the isolation and purification of viruses from these spots it 
was found through a long series of subinoculations that new symptoms 
are consistently associated with the new viruses. Thus the new 
viruses represent permanent departures from the established type, the 
essential criterion for mutation. 

The yellow-mosaic viruses from the common niosaic do not com¬ 
pete successfully with the virus of common mosaic in tobacco. When 
both viruses are introduced into the plant in approximately equal 
parts yellow mosaic develops, but the virus of common mosaic gradu¬ 
ally^ predominates until the syptoms of common mosaic take pos¬ 
session of the top leaves. The same results obtain when plants with 
yellow mosaic are reinoculated with the virus of common mosaic, but 
when plants with common mosaic are reinoculated with the virus of 
yellow mosaic no changes are apparent in the symptoms. 

LITERATURE CITED 

(1) Allard, H. A. 

1917. FURTHER STUDIES OF THE MOSAIC DISEASE OF TOBACCO. JoUT. Agr. 

Research 10: 615-632, illus. 

(2) Caldwell, J. 

1932. STUDIES IN THE PHYSIOLOGY OP VIRUS DISEASES OP PLANTS. III. 

AUGTJBA OR YELLOW MOSAIC OP TOMATO IN NICOTIANA GLUTINOSA 

AND OTHER HOSTS. Ann. AppL Biol. 19: 144:”152, illus. 

(3) - 

1935. ON THE INTERACTION OP TWO STRAINS OF A PLANT VIRUS,* EXPERI¬ 
MENTS ON INDUCED IMMUNITY IN PLANTS. Rov. SOC. [Londoilb 

Proc., Ser. B 117: 120-139, illus. 

(4) Duprenoy, J. 

1933. DIFFERENTIATION OP GREEN- AND YELLOW-MOSAIC VIRUSES IN 

TOBACCO. (Abstract) Phytopathology 23: 10. 

(5) Hoggan, I. A. 

1935. TWO VIRUSES OP THE CUCUMBER MOSAIC GROUP ON TOBACCO. 

Ann. Appl. Biol. 22: 27-36, illus. 

(6) Holmes, F. 0. 

1929. LOCAL LESIONS IN TOBACCO MOSAIC. Bot. Gaz. 87: 39-55, illus. 

( 7 ) - 

1934. A MASKED STRAIN OP TOBACCO-MOSAIC VIRUS. Phytopathologv 24: 

845-873, illus. 



Dee. 1 , 1935 Vifus Muiation in Gbmmon Mosaic of Tobacco 


981 


(8) Jexsex, J. H. 

1933. ISOLATION OF YELLOW-MOSAIC VIRUSES FROM PLANTS INFECTED 

WITH TOBACCO MOSAIC. Phytopathology 23: 964-974^ illiis. 

(9) Johnson, J. 

1927. THE CLASSIFICATION OF PLANT VIRUSES. Wis. Agr. Expt. Sta. 
Research Bull. 76, 16 pp., illus. 

(10) Kunkel, L. O. 

1934. TOBACCO AND AUCUBA-MOSAIC INFECTIONS BY SINGLE UNITS OF 

VIRUS. (Abstract) Phvtopathology 24: 13. 

( 11 ) - 

1934. STUDIES ON ACQUIRED IMMUNITY' WITH TOBACCO AND AUCUBA 
MOSAICS. Phytopathology 24: 437-466, illus. 

(12) McKinney, H. H. " 

1926. VIRUS MIXTURES THAT MAY NOT BE DETECTED IN YOUNG TOBACCO 

PLANTS. (Phytopath. Note) Phvtopathoiogv 16: 893. 

(13) -^ 

1927, FACTORS AFFECTING CERTAIN PROPERTIES OF A MOSAIC VIRUS. 

Jour. Agi'. Research 35: 1-12. 

(14) - 

1927. QUANTITATHOS AND PURIFICATION METHODS IN VIRUS STUDIES. 

Jour. Agr. Research 35: 13-38, illus. 

(15) - 

1929. MOSAIC DISEASES IN THE CANARY ISLANDS, W’EST AFRICA, AND 

GIBRALTAR. JouT. Agr. Research 39: 557-578, illus. 

(16) - 

1930. A MOSAIC OP WHEAT TRANSMISSIBLE TO ALL CEREAL SPECIES IN 

THE TRIBE HORDEAE. Jour. Agr. Research 40: 547-556, illus. 

(17) - 

1931. FOUR APPARENTLY UNDESCRIBED MOSAICS WHICH GO TO TOBACCO . 

(Abstract) Phytopathology 21: 118. 

( 18 ) - . 

1931. DIFFERENTIATION OP VIRUSES CAUSING GREEN AND YELLOW 
MOSAICS OP WHEAT. Science (n. s.) 73: 650-651. 

(19) - 

1931. iStude sue les mj^langes de virus. 2 Cong. Internatl. Path. 
Compar., Paris Compt. Rend, et Commun. 2, pp. 449-453, illus, 

(20) Nolla, j. a. B., Guggenheim, J. S., and Roque, A. 

1933. A VARIETY OF TOBACCO RESISTANT TO ORDINARY TOBACCO MOSAIC. 
Jour. Dept, Agr. Puerto Rico 17: 301-303. 

(21) Peterson, P. D. 

1931. PLASTID PIGMENT AND CHLOROPHYLLASE CONTENTS OF TOBACCO 
PLANTS AS INFLUENCED BY THREE TYPES OP MOSAIC. (Abstract) 

Phytopathology 21: 119. 

(22) Price, W. G. ' 

1933. THE THERMAL DEATH RATE OP TOBACCO-MOSAIC VIRUS. Phvto- 

patholog}^ 23: 749-769, illus. 

(23) - 

1934. ISOLATION AND STUDY OF SOME YELLOW STRAINS OF CUCUMBER 

MOSAIC. Phytopathology 24: 743-761, illus. 

(24) Salaman, R. N. 

1933. PROTECTIVE INOCULATION AGAINST A PLANT VIRUS. Nature 

[London] 131: 468. 

(25) Simon, C. E. 

1915. INFECTION AND IMMUNITY, A TEXT-BOOK OF IMMUNOLOGY AND 
SEROLOGY FOR STUDENTS AND PRACTITIONERS. 351 pp., illUS,, 
Philadelphia and New York. 

(26) Smith, K. M. 

1931. COMPOSITE NATURE OP CERTAIN POTATO VIRUSES OF THE MOSAIC 
GROUP. Nature [London] 127: 702. 

(27) Thung, T. H. 

1931. SMETSTOP EN PLANTENGEN BIJ ENKELE VIRUSZIEKTEN VAN DE 
TABAKSPLANT. Nederland.- Indie Natuurw. Cong. Handel. 
6: 450-463, illus. 




ROOT DEVELOPMENT OF PITCH PINE, WITH SOME COM^ 
PARATIVE OBSERVATIONS ON SHORTLEAF PINE ^ 

By William Everett McQuilkix 2 

Formerly field assistant^ Allegheny Forest Expermierd StationForest Seri'ic(, 
United States Department of Agricidtnre 

INTRODUCTION 

The development of the root systems of trees constitutes a rela¬ 
tively unexplored field of botanj^. JMost of the older references to 
this subject have been based on casual observations of exposed roots 
along roadside cuts and eroded stream banks, or of the upturned 
roots of wind-thrown trees. Hence, descriptions of the root systems 
of trees generally have been incomplete, if not actually inaccurate. 

The extensive investigations of the roots of herbaceous and shrubby 
plants, particularly those by Cannon (u) ^ and Weaver 27, 2S)^ 

led naturally to a greater interest in the roots of trees. However, the 
I'elatively large amounts of time and labor required have tended to 
discourage work in this field. Problems arising in the nurseries and 
the relative facility with wliich small plants can be studied have 
directed research mostly toward the seedling stages. Tourney 
described and classified the seedling root systems of maiw of the more 
important eastern species (25) and stimulated many other investiga¬ 
tions of a similar character. 

A few studies of the roots of older trees have been carried out in 
this country. In general, the work done thus far has been of a 
preliminary character, and gives neither a complete picture of the 
root growth of a species from seedling to maturity on any particular 
site nor an adequate account of the root reactions of a species to the 
various sites on which it may grow. Woodroof^s studies {30, 31) on 
the pecan constitute an exception to this statement. 

Somewhat more work has been done in the north-European coun¬ 
tries. The German work has been summarized by Busgen and 
Miinch (4). Perhaps the most complete study of any one species 
was carried out by Laitakaii (17) in Finland on Scotch pine (Pums 
sylvestris L.). 

The species chosen for the present investigation was pitch pine 
{Pirms rigida Milk), because of its wide distribution throughout the 
Eastern States and its remarkable tolerance of a wide range of unfavor¬ 
able situations. Particularly because of this latter quality, the species 
promises to assume increasing importance in the forestation programs 
of the futm'e, although it is not an important timber tree at present. 
Pitch pine is prominent among the botanically interesting flora of 
the pine barrens of New Jersey. The abihty of the species to with¬ 
stand fire evokes the wonder and admiration of all who kiiow that 
unique section. 

^ Eeceived for publication Aug. W, 1935; issued February, 1936. 

- Completion of this study was made possible through fellowships granted by the oMorris Arboretum and 
the Univeraity of Pennsylvania. Acknowledgment is due E. T. "Wherry, H. H. York, and K. O. Doak 
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Definite root studies of pitch pine have apparently never been 
made. Harshberger (10) made some general statements concerning 
the root development of the species, and published a small drawdng 
of a tree vith its root system. His observations obviously were of a 
most cursory character, and his figure is entirely inadequate as a 
portrayal of a root system. Ilhck and Aughanbaugh (15) mention 
the strong taproot of pitch pine seedlings and the fact that this root 
becomes relatively less significant in older trees. ^ They measured 
the upturned root mass of a wind-fallen tree, recording 18 feet as the 
diameter of the root system of a specimen 82 feet tall. Such figures 
are of questionable value; probably not more than one-fourth of the 
actual diameter of that root system was represented in the mass torn 
from the earth when the tree fell. 

The observations of Harshberger and of Illick and Aughanbaugh 
are representative of the available information on the roots of pitch 
pine, and of most other tree species. More precise knowledge of the 
root habits of trees is requisite for the judicious planning of foresta¬ 
tion programs. In this investigation, the major objective was to 
study, on one site, a developmental series of root systems of pitch 
pine from the seedling stages to maturity. Secondary objectives 
included comparative observations of the root systems of normal and 
weak trees, of trees growing on different sites, and of pitch pine and 
shortleaf pine (Pimis echinaia Mill.) growing on the same site. 

FIELD WORK 
DESCRIPTION OF SITE 

The major part of the field work was done on the tract of the 
Allegheny Forest Experiment Station in the Lebanon State Forest in 
New Jersey. Some data were obtained from the Ockanickon area of 
the experiment station near Medford, N. J., and from the Mont Alto 
State Forest in southern Pennsylvania. Both of the locations in New 
Jersey are in the pine barrens, the ecology of which has been treated 
in some detail by Harshberger (10). 

The site of most of the excavations on the Lebanon forest 'was an 
area of about 40 acres w-hich, being traversed by a low ridge, varies 
from level to gently sloping. Di’ainage is good; excavations as deep 
as^ 9 feet did not encounter water, even on the lower ground. The 
soil of the ridge is typical Lakewood sand; on the lower ground it 
tends somewhat toward the Sassafras types. At a few places, a 
slightly h rder, dark-colored layer was encountered below the A 
horizon, of the St. Johns series, but it was not well de¬ 

veloped. "These minor variations in soil did not seem to exert any 
apprecir’’^^-d^' ::t ofiect on the behavior of the pine roots. 

A re j.per by Lutz (W) gives detailed data on the soils of the 
section^ a quantitative expression of their poor quality. His 
determinations show that the pine-barren soils are characterized by: 
(1) High percentage of sand; (2) low percentages of clay and total 
colloids; (3) low content of organic matter; (4)low contents of nitrogen 
and phosphorus; (5) high carbon-nitrogen ratio; (6) high acidity; (7) 
excessive leaching, and varying degrees of podsolization; (8) low 
water-holding capacity; and (9) periodic occurrences of low per¬ 
centage of available moisture—the moisture content may fall below 
Ihe wilting coefl5.cient during periods of drought. 
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The forest cover is a mixture of white, black, and chestnut oaks 
(Quercus alba L., Q. veluiina Lam., Q. prinus L.) with pitch and short- 
leaf pines. ^ The oaks are mostly sprout growth averaging 4 to 5 
inches in diameter breast high,^ and represent the growth since the 
last cutting for charcoal. The pines are of all size^ up to 12 inches 
d. b. h. Some of the larger ones are approacliing, or perhaps exceed, 
100 years of age. Appp'ently the area has not suffered severe burning 
for some time, as seedling and sapling pines of various sizes are fairly 
abundant. 

^ The ericaceoiis ground cover, typical of the section, is sparse on the 
ridge, and composed mostly of dry-land blueberry (Vaccinium vaciP 
Ians Kalm). Lower downj^n the slopes, black hucldeberiy {Gaylus- 
sacia baccata (Wang.) C. Koch) becomes predominant, with dangle- 
berry (O.frondosa (L.) Torrey and Gray) appearing also on the lowest 
flats. A dense ground cover of the huckleberries rather effectively 
excludes pine seedlings. The natural inference is that saplings and 
older trees growing among them got started following a ground fire 
which had temporarily checked the huckleberries. The majority of 
the pines in seedling stages are now found on the higher and less 
densely vegetated parts of the area. 

METHODS 

The root systems were exposed by the dry method. The first step 
in the case of trees larger than sapling size was to uncover the root 
crown to a depth of 1 foot or more and radially about 3 feet. This 
operation was, of necessity, largely done by hand in^^^badger’^ fashion. 
With the root crown thus revealed, the most suitable position for 
making deeper excavations with the least destruction of roots could be 
determined. A hole of sufficient size to allow a man to stand in it 
and use a spade was then dug alongside the stump. Its ultimate 
depth and the size necessary to permit spading movements and pre¬ 
vent caving of the walls were determined, of course, by the depth of 
the taproot. By careful caving of the wall toward the stump, the 
root crown and taproot could be clearly exposed without serious muti¬ 
lation. With the bases of the lateral roots thus revealed, represen¬ 
tative ones could be selected and followed in any degree of detail 
desired. Exposure of the laterals also was largely a hand process, 
although a trowel and small hand ax were useful. An ice pick was 
helpful in freeing the finer roots from the soil. Excavation of vertical 
branches of the large laterals necessitated digging a hole in the same 
manner as for the taproot. *- 

The dry method has several advantages over the i itive wet 
method, in which the roots are washed from the soil with e stream of 
water under pressure. The former can be used ^ m-" ^stigator 
working alone, it does not require proximity to a somK vater or 
to a road by which water may be hauled, and it requires ^ily the 
simplest outlay of equipment. A spade, an ax, a trowel, a hand ax, 
an ice pick, a ruler, and a few small pails or jars of water for saving 
specimen roots constitute the essentials^ for field work. To get 
complete detail of the finer root branches in sandy soils by dry exca¬ 
vation is not unduly difficult. The wet method is more suitable, 
however, for getting out seedling root systems, or parts of larger 


5 Four and a half feet above the ground; abbreviatexi “d. b. h,’ 
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systems^ intact. Considerable breakage and desiccation of finer 
roots are unavoidable by the dry method. 

In this study, no attempt was made to obtain complete intact 
root systems except in the case of small seedlings. On larger trees 
the taproot and only a limited number of representative primary 
laterals were followed to the tips. Likewise, only representative 
samples of the higher orders of branching were examined in detail. 
Experience soon showed the general range of variation to be expected. 
Excavation of all the roots wnuld have consumed more time than the 
results would warrant in a study of general root habit. 

GENERAL FEATURES OF PITCH PINE ROOT SYSTEMS 

The root system of pitch pine may be regarded as belonging to the 
generalmed type, i. e., it is both widely spreading and deeply pene¬ 
trating, but does not attain extreme development in either direction. 



Figure 1.—Three-dimensional diagram illustrating the taproot and the positions of three primary laterals 
with their larger secondary and tertiary branches. The development of vertical roots is depicted at the 
right; at the left is shown a lateral of deeper origin obliquing upward; in the background is shown the hori¬ 
zontal development with the topsoil removed. Modeled after a tree about SO years old. 

Insofar as we have knowledge of other pines, this tvpe of root system 
seems to be typical of the genus (^, 12^17). It usually shows a definite 
and fairly strong taproot which frequently is found to divide, below 
a depth of 2 to 3 feet, into numerous branches descending at acute 
angles to the vertical. This feature becomes apparent only after 
the tree has passed the sapling stages. The major part of the lateral 
system originates from the root crown within 8 inches from the soil 
surface. These primary laterals extend radially at depths of 2 to 8 
inches, rarely, if ever, turning downward appreciably. Where a 
dense mat of ericaceous roots and rhizomes occurs, the pine roots 
tend to run below it at depths of 5 to 8 inches; where the ericaceous 
mat is absent or poorly developed, some pine laterals will be found 
as close as 2 inches to the soil surface. The primary lateral system 
is almost entirely confined to the surface soil during the seedling and 
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sapling stages; later, laterals originating as deep as 2 feet iiiay attain 
conspicuous size. Deeply originating laterals frequently, though not 
always, oblique gradually upward to the surface soil^ where they 
proceed horizontally. The primary laterals give off both vertical 
and horizontal secondary branches, which rebranch commonly to 
the fifth and sixth orders. The term “ verticaP^, as here used, applies 
only to roots growing dowmw'ard; those branches which grow upward 
from the more deeply situated laterals soon turn in "a horizontal 
direction and are not distinguished from those wliich grow hori¬ 
zontally from the start. The vertical branches along the basal half 
of a lateral may penetrate almost as deeply as does the taproot; 
those of more recent origin on the distal half*^of the lateral naturally 
are not so well developed (fig. 1). That the tree has contact with 
the subsoil under the major part 
of the area covered by the lateral 
system is a fact that is not general¬ 
ly appreciated and that w’arrants 
emphasis. 

Many of the ultimate branches 
are mycorrhizal. Lateral branches 
of the higher orders frequently ex¬ 
tend into the duff, where mycor¬ 
rhizal development may be profuse. 

How^ever, mycorrhizae are not 
confined to the surface soil. In 
the pine-barren soils, mycorrhizae 
seem able to develop under prac¬ 
tically all conditions that permit 
growth of the pine root itself. 

They were observed as deep as 8 
feet in drained soils and more than 
3 feet below the water table in 
saturated soils. 

ROOT DEVELOPMENT IN EARLIER STAGES OF GROWTH 

SEEDLING ROOT SYSTEMS 

The taproot is the most conspicuous feature of seedling root 
systems. Taproots of seedhngs in their first year of growth varied 
in length from 3 inches to more than 1 foot (fig. 2). The influence 
on root development of local differences in site is probably more 
clearly seen in young seedlings than at any later stage. The maxi¬ 
mum elongation of roots occurs on areas of clean, loose sand subjected 
to strong insolation. The bare sand of infrequently used roadways 
or trails w^ill often yield seedlings with exceptional root development. 
The combined factors of shade, higher humus content of the soil, and 
underground competition tend to retard root elongation of seed¬ 
lings growing under the tree canopy. Under these conditions, the 
taproots sometimes penetrate scarcely deeper than through the layers 
of duff and raw himius during their first year of growth^ Bums (S) 
has shown experimentally that white pine seedlings produce the 
strongest root systems when grown without shade, the root system 



Figure 2.— Specimens of Pinus rigida seedlings 
taken in June from open woods. The length of 
the longest taproot was 5.5 inches. 
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becoming progressively weaker as shade is increased. Top develop¬ 
ment, also, was markedly retarded in the plants grown in full shade. 
In the relatively open woods of the pine barrens, conditions of full 
shade rarely occur. Hence, top development gives little indication 
of root development in the case of young pitch pine seedlings in nature. 

By the end of the first year, recognizable lateral roots have ap¬ 
peared along the upper 2 inches of taproot (fig. 3). Although the 
strongest 2 or 3 laterals on well-developed root systems may be 
as long as 6 inches, most of them do not exceed. 3 inches in length. 
Usuall}' not more than 5 or 6 branches can definitely be identified as 
potential laterals on the 1-year-old seedling. At this time branching 
has proceeded to the second and occasionally the third order. 



Mycorrhizae were already evident in June on the roots of seedlings 
of the current season. Such seedlings could not have been much 
more than 2 months old. Some apparently healthy seedlings were 
foimd on which the whole root system was sheathed in fungus my- 
ceUum. Mycorrhizae were present in abundance on 1-year-old 
seedlings, with some clusters showing 4 or 5 dichotomies. 

The taproot may be regarded as dominating the root system up to 
the eighth or tenth year of the plant^s life, though after the first year 
its dominance steadily decreases. Seedlings 4 or 5 years old, growing 
under conditions of moderate competition and partial shade on Lake- 
wood sand, showed taproot penetrations of 15 to 24 inches and 
maximum lateral extensions of 12 to 15 inches (fig. 4). Usually there 
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were 6 to 8 horizontal roots exceeding 6 inches in length, the largest of 
which approximated the size of the taproot. Even at this early stage, 
the increasing importance of the lateral system is becoming apparent. 

Seedlings of this age (4 or 5 years old) are typically 10 to 12 inches 
tall, unbranched weak, and 
spindling, decumbent or, at 
best, only feebly erect. 

The seedlings of both Pmus 
rigida and P. echinata usu¬ 
ally topple over during the 
second or third year, and 
remain in a semiprostrate 
position for several seasons. 

By the eighth year they 
usually have again assumed 
an erect position, but a per¬ 
manent crook remains at 
the ground line. This crook 
is idtimately obsem^ed by 
the thickening of the stem, 
but frequently can still be 
seen in saplings 8 or 10 feet 
tall. 

Seedlings 8 to 9 years old, likewise under conditions of moderate 
competition and partial shade, were 1.5 to 2.5 feet tall and were 
beginning to branch. Though plants of this age have assumed a 
fairly erect position, the stems still lack rigidity. Naturally, varia- 



Figure 4.—Four-year-old seedlings of Finns rigida with prac¬ 
tically complete root systems. 



Figure 5.—Eight-year-old seedlings of Pinu^ rigida with practically complete root systems. 


tion between individuals increases with age, both above and below 
ground. Taproot penetrations varying from 21 to 84 inches were 
found on sites apparently very similar (fig. 5). The stronger laterals 
approximated 2 feet in length, though one was foimd which measured 
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40 inclies. The number of identifiable laterals averaged 10 or more. 
Some of the stronger ones bore secondary branches almost 1 foot long. 
Branching had proceeded commonly to the third and occasionally 
to the fourth order, exclusive of mycorrhizae. 

Some comparison was made 'with seedlings of Pinm echinata of the 
same age and on the same sites. The development of the two species 
was very similar; no differences were noted which did not readily fall 
within the limits of variation within each species. It is the writer's 
opinion that detailed analysis of many specimens will be necessary to 
determine any differences which may exist between the seedling root 
systems of the two species. However, it ’was noted that the stems of 
seedlings of P, echinata tend to stand more rigidly erect than do those 
of P. rigida, 

ROOT SYSTEMS OF SAPLINGS AND SMALL TREES 

By the eleventh or twelfth year the pitch pine seedling has acquired 
a degree of rigidity heretofore lacldng, the growth rate has increased, 
giving an aspect of vigor, and annual whorls of branches are being 
regularly developed. The young plant at this age begins to appear like 
a tree. Tliis acceleration of growdh undoubtedly is coordinated with 
root development; it could not take place until an adequate absorbing 
system had been formed and sufficient contact made with the subsoil to 
insure a constant \vater supply. The dimensions attained by the roots 
indicate an even more striking acceleration of growth underground 
than that displayed by the tops. The eighth to tenth years mark 
the inception of a period of rapid root elongation. This period also 
witnesses the appearance of secondary branches of conspicuous size. 

It should be borne in mind that, although it is convenient to speak 
of these younger stages in terms of years, age probably is relatively 
insignificant. The development of the plant is more properly to be 
viewed as an orderly process, the speed of which is governed, within 
limits, by the environmental conditions. Thus, a stage of clevelop- 
ment ascribed to lO-year-old trees in NeW' Jersey might be reached 
several years earlier, or later, imder other conditions. 

A fairly typical sapling, 11 or 12 years of age, was 4 feet tall, and 
0.75 inch in "diameter at the ground line. The current season^s leader 
was 8.5 inches long, and that of the past season, 7 inches. The tap¬ 
root reached a depth of 4 feet, the longest lateral root reached out 8 
feet, and 3 other laterals exceeded 4 feet in length. Ten major 
laterals had originated within 6 inches from the surface of the soil, 
and 5 more were present at ^eater depths. The longest lateral 
bore 12 secondary branches ranging from 1 to 2.5 feet in length. The 
strongest secondary branch descended vertically from one of the other 
primary laterals to a depth of 3.5 feet. 

The appearance of greater numbers of branches, both primary and 
secondary, as the seedling grow’^s older does not mean that new^ 
branches have originated at points remote from the tip of the parent 
root. As will be discussed later, branch roots normally originate only 
in tip regions before the advent of secondary thickening. Many 
branches never become more than a few inches long, and eventually 
die and disintegrate. Certain ones, however, which at first are un- 
distinguishable from the ephemerals, later undergo increased growth 
in both length and thickness and become recognizable as permanent 
structures. These account for the apparent increase in the number 
of major branches. 
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The root dimensions given indicate the relative decline of the tap¬ 
root and the mounting prominence of the system of primary lateral 
branches. The taproot, of course, retains its importance as an 
organ of central anchorage, and as the mechanical and physiological 
center of the pot system. Its upper part is the conduit through 
which all liquids must pass. Its function as an absorbing organ, 
however, becomes more and more insignificant as the tree develops. 
Vertical secondary branches, or sinkers, contact the subsoil and thus 
relieve the taproot of its earlier vital role—insurance against death 
by drought. Ultimately, the taproot, including its descending 
branches, may not greatly exceed the stronger sinkers vath respect 
to the amount of absorbing area. 

A somewhat larger sapling illustrates further the relative decline of 
the taproot. It also illustrates a fact borne out by observations on 
larger trees,^ that beyond the seedling stages the size of the top fur¬ 
nishes but little indication of the depth or size of the taproot. The 
lateral system, however, is fairly closely correlated with stem devel¬ 
opment. After a httle experience, the observer can predict the gen¬ 
eral dimensions of the lateral system. This sapling was 14 years old 
by ring count, 7.5 feet taU, and 1.5 inches in diameter at the ground 
line. The taproot reached a depth of only 3 feet. It gave off 20 
laterals, 14 of which originated at depths not greater than 6 inches. 
The longest one measured 10.5 feet, 3 others exceeded 8 feet in length, 
wliile the remainder ranged from 2 to 8 feet. Primary laterals shorter 
than 2 feet were not considered. The 2 strongest laterals each bore 
about 30 secondary branches approaching or exceeding 1 foot in 
length. Very few were more than 3 feet long. At least 3 vertical 
secondaries reached into the fourth foot of soil, thus exceeding the 
taproot in depth. Branching had proceeded to the sixth order, ex¬ 
clusive of mycorrhizae. 

In the consideration of secondary branches, only those which 
approached or exceeded 1 foot in length were recorded numerically. 
Smaller branches were numerous, but irregularly distributed. Many 
were dead, or apparently dormant, and destined eventually to slough 
off. Their importance as absorbing organs is, at present, purely 
speculative, but would seem to be negligible on the older parts of the 
root system. A branch which has attained a length of 1 foot is 
growing, or previously has grown, more vigorously. Its basal parts 
have undergone some secondary thickening, and the epidermis has 
been replaced by the characteristic flaky bark, giving the aspect of a 
permanent organ. A reasonably close correlation exists between the 
basal diameters and the lengths of pine roots. Thus, their lengths 
can be estimated without complete exposure. Branching to the 
higher orders is considerably more profuse on lateral branches than 
on vertical ones. 

Primary laterals less than 5 feet long rarely have many such sec¬ 
ondary branches. The latter appear in increasing numbers as the 
primary elongates. By the time a primary has become 10 feet long, 
it may have 20 to 40 secondaries 1 to 4 feet long. Usually, one-half 
to three-fourths of these are horizontal, and the remaining one-fourth 
to one-half are vertical. Such a primary lateral thus developed 
from a root into a root system in itself. Its zone of absorption ex¬ 
tends down to the moister sands of the subsoil, and several feet 
laterally on either side in the topsoil. Subsequent growth of the pri- 
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inary lateral is simply tlae extension, rertically, laterally, and linearly, 
of tins zone of root occupancy. However, downward growth does 
not keep equal pace with the lateral and linear advance* Hence, the 
zone of root occupancy of a primary lateral undergoes a gradual rela¬ 
tive flattening as development progresses, and a constantly increas¬ 
ing proportion of the root system as a whole becomes localized in the 
surface soil. The data on larger trees illustrate this tendency. 

A specimen tree, 14 feet tall, 2.5 inches d. b. h., and about 17 years 
old, may be cited. This individual had ^originated as a sprout, and 
therefore probably was slightly larger for its age than trees developing 
directly from seed. Suitable specimens of seedling origin of this 
general size were almost entirely lacking in the locality. The taproot 
was rather atypical. It divided about 9 inches below the surface of 
the soil, the two roots subsequently uniting in a natural graft, and 
then redividing. One branch ended at a depth of 3 feet. The other, 
after forldng twice more, reached a depth of slighly more than 5 feet. 
Twenty-two primary laterals had originated at depths of less than 1 
foot, and several small ones were found at deeper levels. Four laterals 
exceeded 15 feet in length, the longest being 19 feet. A fifth one meas¬ 
ured 12 feet; the others were of various shorter lengths. The number 
of secondary branches varied from 40 to 75 on the 4 largest laterals. 
Horizontal secondaries as long as 6 feet were found, at which size 
tertiary branches of conspicuous size were present. None of the 
vertical secondaries, or sinkers, reached deeper than 5 feet. 

The same general sequence of development is followed by the sec¬ 
ondary branches as by primaries. Their early growth is largely 
manifested in elongation, most of the side branches being small, del¬ 
icate, and ephemeral. Wien a length of 4 or 5 feet has been attained, 
permanent branches of the next higher order first become conspic¬ 
uous. The same sequence may be repeated again by tertiary branches 
on stni older I’oot sytems. 

Branches of the second or higher orders differ from the primary 
laterals in certain growth habits. The former frequently are found to 
obhque upward into the raw humus of the soil surface, whereas the 
latter usually run at shghtly deeper levels. Also, branches of the 
higher orders often branch so extensively near the end that the parent 
root can no longer be identified. It is doubtful whether such a root 
can subsequently undergo any pronounced elongation. Laitakari ( 17 ) 
observed a similar situation in Scotch pine, and states that very little 
further elongation occurs. Primary laterals, on the other hand, 
always mamtain their identity in a morphologically distinct tip 
capable of indefinite growth. 

A specimen tree about 30 years old, 22.5 feet taU, and 3.5 inches 
d. b. h. may be cited to illustrate a more advanced stage of develop¬ 
ment. This tree grew on a rather high, sterile site, whereas the pre¬ 
ceding one was located on lower, but nevertheless well-drained, ground. 
Though such minor variations in site do not seem to be reflected 
noticeably in root development, they cannot be wholly ignored in 
comparing the two trees. Excessive drainage on the higher site 
quite probably stimulated deeper penetration of the vertical roots. 

The taproot of this tree reached a depth of 9 feet. Its upper part 
was strongly developed, being 5 inches in diameter 6 inches below the 
surface and 3 inches in diameter at a depth of 2 feet. At that level 
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it divided into 3 descending branches; these subsequent!}' divided 
further. At the 5-foot level there v^ere 15 of these descending 
branches distributed witliin a circular area about 2 feet in diameter 
(fig. 6). Most of them did not extend deeper than 7 feet^ but the two 
longest ones reached depths of 8.5 and 9 feet. Growing tips w'ere fairly 
abundant, and active mycorrhizae were collected as deep as 7 feet. 

H There were 20 sizable laterals, 13 of which originated at depths of 
less than 6 inches; the other 7 were found at greater depths down to 
the 2-foot level. The longest lateral measured 31 feet, another 29 
feet, and at least 3 others exceeded 20 feet in length. The smaller 
ones included in the 
count were estimated 
to be about 8 feet 
long. 

A few, of still smaller 
size,were not recorded. 

Secondary branches 
were not extensh'ely 
excavated. One of 
the larger secondary 
laterals was 9 feet long, 
another was e^^osed 
for 11 feet without 
recovering the tip; 
several others w'ere 
estimated to be of 
equal, or greater, 
length. One sinker 
w'as observed to end 
about 5.5 feet deep, 
but others probably 
reached deeper. The 
largest sinkers gener¬ 
ally may be expected 
to approximate the 
taproot in depth. 

On any tree second¬ 
ary branches that can 
be classified as large 
in proportion to all 
secondaries are rela¬ 
tively few. The ma¬ 
jority of them are 
comparatively small. Some data taken from the last-mentioned 
specimen tree illustrate this point. The secondaries were tabulated 
in three size categories: (1) Length greater than 5 feet, (2) length 
2 to 5 feet, and (3) length less than 2 feet. In most cases, the length 
was only estimated from the features of the basal part of the root, 
but as noted above, such estimations can be sufficiently accurate for 
the purpose. Of 348 secondary branches tabulated from 7 primaries, 
22 were classed in group 1, 104 in group 2, and 222 in group 3, The 
most richly branched primary bore 95 secondaries, of which 6 were 
classed in group 1, 31 in group 2, and 58 in group 3. The smaller 
primaries usually had no secondaries falling in group 1. 



Figxjee 6.— Taproot exposure of a 30-year-old tree. The excavation was 
4.5 feet deep when the photograph was taken; it was subsequently 
extended to a depth of 9 feet to recover the deepest branches. 
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GENEKAL CONCLUSIONS PROM STUDY OF ROOT SYSTEMS IN EARLY STAGES 

The plan of this paper thus far has been to present general mor~ 
phological data from the developmental point of view. The growth 
of the root system has been followed from the seedling stages to the 
conditions found in immatui*e trees 20 to 25 feet tall. Subsequent 
root development, as illustrated by larger trees, proceeds along some¬ 
what different lines. Hence, certain generalizations applicable to 
the earlier growth stages are now presented. 

Proportions of Vertical and Horizontal Secondary Branches 

A summation of data with respect to the proportions of vertical 
and horizontal secondary branches is given in table 1. Since the 
horizontal category includes branches on both lateral sides of the 
parent root, it is evident that the primary puts out branches in three 
general directions, and that the sinkers represent approximately one- 
third of the total. This three-way distribution of branches cannot 
be correlated with the anatomy of the protostele. Although the 
primmy xylem is not infrequently triarch in the roots of pitch pine, 
the diarch condition is most common. 


Increasing Prominence of the Lateral System 

Mention has been made above of the increasing prominence of the 
lateral system of roots as the tree develops. In the pine barrens, 
the taproot usually is the longest and most conspicuous root up to 
the eighth to tenth years of the plant^s life. Soon after that time, the 
strongest laterals linearly outstrip the taproot, and eventually nearly 
all of them exceed the taproot in length. Mention also has been 
made of the tendency of the root system to flatten out and become 
relatively more localized in the topsoil as development progresses. 
This change comes about largely through the more rapid growth of 
the primary laterals as compared with that of the taproot and sinkers. 
A second, and less important, factor is the tendency of the secondary 
laterals to surpass the sinkers in growth rate during later development. 
THs is evident only in trees 10 or more feet tall, and after the second¬ 
aries have attained a length of 4 or 5 feet. 


Table 1. The proportions of vertical and horizontal secondary branches of three 

pitch pines 


Tree no. 

1 

Primary 

Secondary roots 

tabu- 
, lated 

i 

Total 1 

Vertical 

} Horizontal 

1 

11. 

Number \ 
Z ^ 

Q I 

Number 

80 

286 

284 

i 

i Number 

i Percent 

Number 

43 
190 
209 1 

Percent 

2 A.,. 

\ 

' 34 : 

26 j 

54 

3^..... 

t> 1 


66 



74 


1 An tinosually vigorous 10-year-old sapling. 

2 iT-year-old tree cited in test. 

^ 30-year-old tree cited in text. 


^ Table 2 illustrates these trends of development. The increasing 
size of the figure® from top to bottom in the sixth and seventh columns 
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is most informative. The larger ratios shovm by the last two figures 
in the ninth column are also undoubtedly significant; the other figures 
in that column probably only express variations around a norm of 1.0. 


Table 2.—Data illustrating the increasing prominence of the lateral system and the 
■relative flattening of the entire system as the tree develops 


Height of tree 

Age of 
tree 

Depth of 
taproot 

Depth of 
strongest 
sinkers 

Lenethofi 
lonSest ^ “nSL® 
primary : 

! tapr“ t 

toiesf ofi Kaiio ''f 

Drirnqrx' ■ longest ’secondary 
yfiril to laterals 

taproot ' laterals Do sinkers 

Incheii 

Months 

Inches 

Feet 

Inches ! Kntuber 

i Fed 

1.5___ 

2-3 



1.5 ; , 

0.3 


Yenrs 





.3.0--.. 

1 

8 


3.0 : 

4 ' ' 

11_; 

: 4 

IS 

_ 

1 15 : .' 

. S ' i 

90 ' 

.S 

27 ! 


33 i (L 

; 1.2 ' 

Feet 1 


Feet 1 


Feet \ \ 

: i 

*> 7 1 

10 

3.3 ! 

1 

5.5 i 3 

1.7 ' 1 ’ l.O 

4...-—I 

12 

4 ^: 

3.5 1 

' Si 0 ! 

2. 0 1 2.5 ' .7 

4.5.. .1 

11 

2. 5 i 

3 ; 

12 i 13 i 

i 4.8^ 4 ' 1.3 

7 i 

10 

3 i 

3 

14 12 1 

1 4.7 ' 2.5 i .8 

7.5. j 

i 14 

1 3 i 

I 

10.5 ' 12 ' 

! 3.5 : 3.5 ! .9 

14. 1 

17 

5 i 

5 

19 : 12 

i 3.S ! 6 i 1.2 

22.5.-. : 

30 

y 


31 1 17 

1 3.4 1 12 : 1.7 


t No data. 

Relation op Lateral Spread of Roots to Height op Tree 


A simple criterion for estimating the area occupied by the root 
system would be of some practical value. However, the limitations 
of such a criterion must be recognized. Because of inherent varia¬ 
tions, and variations due to the environmental complex, close estima¬ 
tions of root development are impossible when based only on above¬ 
ground characters. In the pine barrens, about four of the laterals 
may be expected to exceed the trunk of the tree in length. The 
longest lateral usually is approximately 1.5 times as long as the stem. 
This applies only to trees less than 25 feet tall and to trees that have 
not been forced to spindle upward. Data illustrating tliis generaliza¬ 
tion are given in table 3. 

It is even more difficult to estimate the depth of taproots. The 
figures in the first and tliird colunms of table 2 indicate that the 
stem and taproot attain linear equality somewhere between 2 and 4 
feet. Previously, the taproot was longer; after the interval of equiva¬ 
lence, the stem is always longer. Nine feet appears to be near the 
maximum depth attained by pitch pine taproots in the locality. 

Table 3. —Data showmg the relation of the maximum lateral spread of roots to 

height of tree 


Height 
of tree 

Laterals 
exceed¬ 
ing the 
stem in 
length 

Length 
of longest 
lateral 

Ratio of 
longest 
lateral to 
height 
of tree 

Height 
of tree 

Laterals 
exceed¬ 
ing the 
stem in 
length 

Length 
of longest 
lateral 

Ratio of 
longest 
lateral to 
height 
of tree 

Inches 

11 

Number 

Inches 

13 

1.2 

Fed 

2.8 

Number 

4 

Fed 

0.3 

2.3 

11 


15 

L4 

4.0 

4 

8.0 1 

2.0 

18 


26 

1.4 

4.5 

7 

12-0 

2.7 i 

18 


27 

1.5 

7.5 

2 

9.0 

L2 i 

20 


40 

2.U 

7.0 

3 i 

14.0 

2.0 

Feet 

2.5 

4 

Fed 

4.7 1 

i L9 

7.5 
14.0 
22.5 

4 

4 1 

i 6 ' 

10.5 

19.0 

31.0 

1. 4 
1.4 

1. 4 

2.8 : 

i 

5 

i 5.3 j 

i 1.9 

i ( 

1 
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Relation Between Root Diameter and Length 

Little has been said in the preceding discussion concerning the 
diameters of roots. From a physiological standpoint, diameters are 
of far less significance than lengths of roots and volume of soil oc¬ 
cupied. Basal diameters, particularly those of horizontal roots, are 
roughly proportional to lengths, and can be used to some advantage 
in estimating the lengths of laterals. In cases where there is appre¬ 
ciable enlargement at the point of origin, measurement should be 
taken beyond the region of pronounced tapering. For a general 
estimate of the length of a root, the basal diameter is measured in 
millimeters; the length expectancy is an equivalent number of feet. 
For example, a root of 5 mm in diameter at the base is about 5 feet 
long; a root 30 mm in diameter at the base is about 30 feet long. 
Naturally, there are rather wide variations, with a somewhat greater 
tendency of lengths to fall short of, rather than to exceed, the expec- 



Figure T. —Exposure ofiSart of the root system of a 17-year-old pitch pine showing the ropelike character 
of the laterals. The tools mark the ends of roots. The root on the right was 19 feet long. 


tancy according to this simple formula. The length is generally 
inyersely proportional to the degree of branching, i. e., the parent 
root is shorter when well branched than when poorly branched. 
The diameters in millimeters and the lengths in feet were tabulated 
for 53 primary laterals from seven trees. The ratio of the length 
figure to the diameter figure was calculated for each root. The 
average of these ratios was 0.85. This expresses the tendency, 
noted above, of lengths to fall slightly short of the simple ratio of 1.0. 

_ It can be seen that these lateral roots are rather slender structures. 
Since branches usually are distinctly smaller than the parent root, 
and on older roots are relatively sparsely distributed, the larger 
laterals may aptly be described as “ropelike” in appearance (fig. 7). 

During the younger stages sinker roots maintain the same propor¬ 
tions as laterals, hut after they reach a depth of 3 or 4 feet, elongation 
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is retarded. Growth in diameter may continuej resulting in greater 
thickness in relation to length. The diameter of a taproot furnishes 
no reliable indication of its length. 

root development op trees approaching maturity 


As has been mentioned, root development proceeds along some¬ 
what different lines as the tree approaches maturity. The size at 
which this change occurs may be designated, more or less arbitrarily, 
as follows: Height, 25 feet; diameter breast high, 4 inches; radial 
spread of roots, 30 to 35 feet; and age, 30 years. Early root develop¬ 
ment involves a rather steady increase in length, both laterally and 
vertically, during which the ropehke character of the laterals is main¬ 
tained without marked thickening at any point and general correla¬ 
tions exist between extent of root systems and size of tops and between 
diameters and lengths of roots. Subsequent growth adds little or 
nothing to the radial spread of the root system. Blisgen and Munch 
(4), in a footnote, indicate that a similar sequence of development 
has been observed in 
Europe (probably on 
Pinus sylvestris), 

Instead of further 
elongation, a marked 
thickening becomes 
apparent along the 
basal 1 to 3 feet of the 
stronger primary lat¬ 
erals. The smaller 
primaries, and to some 
extent, the secondary 
laterals, contmue to 
elongate, thus increas¬ 
ing the density of roots 
witbdn the 30-foot 
rad i u s. Ultimately, 
the originally smaller 
primaries attain 
lengths approximately 
as great as those of the 
strongest laterals; 
they then cease elon¬ 
gating and undergo 
basal thickening. 

Further penetration 
of the subsoil by the 



taproot and the strong 
sinkers near the root 


Figure S.— The central roots of a mature pitch pine, showing the strong 
development of sinkers associated with a weak taproot. The longer 
roots reached a depth of about 8 feet. The tree was 48 feet tall, 9 inches 


crown practically d-and85 years old. 

ceases, downward growth being confined almost entirely to branches 
of those roots and to the younger, more distal sinkers. 

The taproot of pitch pine, which is nearly always a conspicuous feature 
of younger root systems, becomes relatively insignificant on some older 
trees. In such cases, the fxmction of anchorage is taken over by several 
of the innermost sinkers, which have become much thickened (fig. 8). 
The size of these sinkers varies inverselywith the size of the taproot. 
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Tlie basal tliickeniiig of tlie primaries yery frequently is more pro¬ 
nounced in the vertical plane, resulting in ''planldike’^ roots. The 
asyiiinietry rarely extends outward more than 3 feet. Undoubtedly, 
it "is a mechanically efficient means of bracing the tree against the 
increased stresses of a larger crown. ^ Rigg and Harrar (22^ p. 396) 
noted an extreme development of tliis tendency in the shallow root 
systems of trees growing in sphagnum peat, and, apropos of the me¬ 
chanical efficiency of such modifications, state that ^Hhe strength of 
beams of varying transverse sectional shapes approximates the square 
of the vertical dimension when the horizontal dimension remains the 
same.’'" 

These planklike roots frequently are decidedly eccentric; that is, 
the morphological center of the root is belmv the actual center, as a 

result of greater thick¬ 
ening on the top than 
on the under side (fig. 
9). Thus, shallowly 
situated laterals often 
grow out of the ground 
near the stem base, 
producing the familiar 
buttressed effect. 
Although many decid¬ 
uous trees display this 
feature more mark¬ 
edly, it shows plainly 
in pitch pine and prob¬ 
ably is a wide-spread 
habit. Laitakari (17) 
mentions it in discuss¬ 
ing the roots of Pinus 
sylvestris. Ver ti c a 11 y 
narrowed roots and 
buttresses attain strik¬ 
ing dimensions in some 
tropical trees. Obvi¬ 
ously, buttresses are 
mechanically efficient 
structures; the same 
amoxmt of material 
wnuld give greater 
support in that posi¬ 
tion than in the strictly 

Figuee 9.--CrosS‘Sectional views of four lateral roots cut close to the horizontal pOsition of 
the taproot. All show narrowing in the vertical plane, and the Arimnol rnAf T-n 

two lower ones show eccentric thickening on the upper side. i uu b. jjj.- 

vestigations of tropi¬ 
cal trees indicate, how^ever, that buttresses cannot alwmys be explained 
as a simple response to mechanical stress. They may develop when 
lateral stresses are negligible. Air and water relations appear to be 
influential factors (7, 9). The formation of the characteristic but¬ 
tresses of the bald cypress {Taxodium distwhum (L.) Rich.) has been 
shown to be dependent on a combination of wmter plus air (16). 

The buttresshke development of lateral roots of mature, erect trees 
suggests that the roots function mechanically as props or braces, 
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and that the thickening develops in direct response to the increasing 
stresses produced by the growing crown. Undoubtedly, supporting 
roots also function mechanically as tensile guy wires, but that role 
is minor and is secondary to the'propping action. Laitakari {17) has 
pointed out the tendency of Scotch pine to produce more and stronger 
laterals on the side opposite that of the prevailing winds, i. e., in the 
propping position. To check this tendency further in' pitch pine, 
leaning trees were examined. The one-sided stress on the roots of 
such individuals is distinct and constant. Of 4 such trees examined, 
3 showed a very marked concentration of laterals on the side under 
the inclined trunk, with no sizable surface laterals on the opposite 
side (fig. 10). This indicates clearly that those roots in the propping 
position are thickened in response to stress; those in the guy-wire 



Figi'RE lO.—Exposed roots of a leaning tree, showing the majority of the lateral roots in the propping 

position. 


position do not tliicken, but may possibly break under the strain^ 
die, and disappear. 

Examination of the roots of the fourth leaning specimen, in which 
there was no correlation between lean and root deyelopment, did not 
weaken this conclusion. It was a sprout, only slightly inclined and 
relatively small (2 inches d. b. h. and 15 feet tall). The symmetri¬ 
cally arranged root system had been laid down by the parent tree; 
the sprout had not jet become old enough or heavy enough to alter 
its symmetry appreciably. 

The positive correlation between the growth of roots and of tops 
has been pointed out by numerous investigators. It is practically 
regarded as axiomatic by most students of plant roots. The subject 
was not given particular attention in this investigation. However, 
the leaning trees discussed above were aU rather weak, slow-growing 

45695—S6-4 
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specimens. The number and size of the primary laterals and the 
tliiclmess of the taproot were distinctly inferior in comparison vdth 
those of normal trees of the same size. In view of the open character 
of the forestj it is doubtful that the weakness of the specimens was 
due to suppression by larger trees. It seems most probable that both 
the leaning and the general weakness of the tops had resulted from^ 
or were coincident with, an originally weak root system. 

It seems quite probable that the processes of maturing and senes¬ 
cence are correlated with the tree^s inability to extend the root system 
into new territory. It is obvious that the demands for support placed 
upon the inner, root system increase enormously as the top attains 
mature statui’e. The material requirements for strengthening near 
the root crown may be an important factor in precluding further root 
extensions. In any event, a fertile field for speculation is offered by 
the question of whether maturing and senescence are wholly internal 
and protoplasmic, with the cessation of root extension as a result, or 
whether the mechanical difficulties of support and of transportation 
through an ever-widening root system are contributory causes of 
those processes. 

ORIGIN OF ROOT BRANCHES 

The endogenous origin of the branches of roots is one of the funda¬ 
mental facts of plant anatomy. Normally, branches emerge along 
the maturation zone of the root tip, and along the tender parts farther 
back which have not undergone marked secondary thickening. The 
completion of a solid ring of secondary wood generally precludes 
further branching. On an actively growing root, this probably takes 
place during the second year; on roots glowing less vigorously, either 
of two types of behavior may occur: (1) Secondary thickening may 
be indefinitely delayed, and the period of possible branching equally 
prolonged; (2) secondary thickening may advance to within 5 mm 
of the tip, resulting in thick, blunt-ended roots with a barely per¬ 
ceptible tip of tender tissue. The former is usually associated with 
dormant lateral roots; the latter condition is most often found in 
vertical roots deep in the subsoil. 

The growing tips of the major extending roots are thick and succu¬ 
lent, ab^out 3 mm in diameter. The tips of branches at emergence 
usually are distinctly smaller. In cases where the parent tip has 
died (a surprisingly common occurrence), a replacement tip emerges 
which, from the start, has the attributes of the parent root. It 
resembles the latter in size and vigor of growth, and at once assumes 
a forvrard rather than a lateral direction (fig. 11). Sometimes two 
such tips emerge opposite each other; the immediate result, while the 
dead parent tip persists, is an apparent trifurcation; ultimately the 
dead root disintegrates, leaving a bifurcate condition. 

The formation of replacement tips was not observed to take place 
when dying-back had extended into the region of complete secondary 
thickening. In that event, an existent bi'anch may undergo greater 
than average growth and after the disintegration of the dead parts 
appear to be the normal continuation of the parent root. This is 
nearly always w^hat has happened in those occasional cases in which 
a major lateral root appears to become vertical, or vice versa. The 
abrupt change of direction marks the origin of a branch which assumed 
dominance after the death of the parent root beyond that point. 
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The roots of many herbaceous plants, which do not undergo exten¬ 
sive thickening, may produce branches at any point. ^Moisture fre¬ 
quently stimulates abundant branch production on such roots in 
regions far removed from the growing tip. The fact that the woody 
root, in some species at least, is only slightly or not at all capable, of 
such response warrants considerable emphasis, particularly in respect 
to the taproot. With such species, of which pitch pine*^ appears to 
be one, it means that the original complement of primaiy branches on 
the seedling taproot never can be increased in later life." It is highlv 


probable that an originally poorty \ 
of its branches in an}^ way, vill re¬ 
sult in a weak root system and pre¬ 
dispose toward general weakness of 
the tree. The best cultural care 
is, to some extent, wasted on a tree 
with an inadequate root system. 
Of course, when the number is re¬ 
duced, roots may become somewhat 
larger and branch more profusely 
than usual, but it is doubtful that 
such development can be fully com¬ 
pensatory in respect to absorbing 
area. Certainly, reduction in the 
number of primary laterals weakens 
the support of the tree and predis¬ 
poses toward wind throwinlaterlife. 

The above statements do not 
apply with equal force to all tree 
species. Adventitious roots, aris¬ 
ing both from stems and from other 
roots, are mentioned occasionally 
in the literature. Luncz (19), in 
reviewing some European work, 
cites Austrian pine and cherry as 
examples of trees whose roots may 
give rise to adventitious branches, 
and states that such branches are 
not morphologically distinguish¬ 
able from the original roots. If 
adventitious roots ever arise on 
either pitch or shortleaf pines, 
they must require a more powerful 
stimulus than normally occurs in 
nature. Examination of scores of 


taproot, or one deprived 



Figure ll.—A young replacement tip developing 
after the death of the terminal portion of the 
parent root. Note its relative size and direction 
of growth in comparison with the remnants of 
normal side branches. 


roots showed that branches of all sizes, on both species, universally 
extended inward to the protoxylem of the parent root, and therefore 
had originated when that region was young (fig. 12). The only pos¬ 
sible exception fonnd was in cases where the roots had been severed 
smoothly with a sharp instrument. Some small branches had subse¬ 
quently arisen exogenously near the cut ends. Examples of this 
w^ere found at the scene of stump-grubbing operations of the preceding 
wunter. No observations w^ere made of exogenous branches of 
greater age. 
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GROWTH OP ROOTS UNDER WATER 

Probably the most striking single feature of pitch pine roots 
observed in the course of this investigation is the fact that they 
develop extensively below the water taHe in saturated soils. So far 
as the writer is aware, no similar observation on a mesophytic tree 

has been reported. 
Such hydric species as 
Taxodium distichum un¬ 
doubtedly root under 
water, but in practically 
all descriptions of the 
roots of mesic trees, and 
even of such bog inhabi¬ 
tants as American larch 
and black spruce, they 
are reported to develop 
entirely above the satu¬ 
rated zone. Textbooks 
generally state that 
root penetration ceases 
when the water table 
is encountered W, ^4)^ 
and much has been 
written of the delete¬ 
rious effects of poor 
drainage on various 
economic plants. Rigg 
and Harrar (22) found 
that none of the six 
conifers growing in the 
bogs of Washington 
extended roots below 
water. According to 
Woodroof (50), the roots 
of the pecan cannot 
tolerate submergence. 
The longleaf pine 
(Pinus palustris Mill.), 
which in some respects 
is the southern ecological 
equivalent of pitch pine, is 
reported by Heyward (12) 
not to penetrate below 
the water table on poorly 
drained sites. How^ever, 
Hesselman (11) notes the 
occurrence of vigorously growing spruce stands in Sweden in the 
vicinity of springs, even where the water level comes to the surface. 
Mthough no data are given on root development, the trees obviously 
do produce roots under water in such situations. Adamson (1) 
describes an Indian tree (Terminalia arjuna Bedd.) which inhabits 



FiGimE 12.—Cross-sectional \iews of roots showing the central 
origin of branches: A, A section from a taproot, 5.5 inches in 
diameter; B, section from a very small primary lateral, shown 
about natural site. 
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river banks and extends roots out into the saturated soil of the 
river bed. 

The root behavior of white cedar {Chamaecyparis thyoides (L.) 
Britton, Sterns, and Poggenberg), which is the typical bog tree of 
southern New Jersey, has not been investigated, but in view of the 
sites supporting it, it probably does root below the water level. 
Pitch pine, however, is most at home on higher, well-drained sites, and 
intermingles only slightly with the white cedar in the narrow dividing 
ecotone. The pine can live among the cedai's only by overtopping 
them; once the cedar canopy closes, any pine beneath it is doomed" 
The occasional pine that towers among the cedars points clearly to 
the fact that it is not the site itself, but the competition, that generally 
excludes them. 

Pitch pine is to be regarded as a member of that vdde-spread plant 
fraternity which, demanding little except a place in the sun, must find 
its place as a rule in the left-over, unfavorable areas that will not 
support the “nobler” species. Such are the sterile, fire-scorched 
sands of the Coastal Plain, or the wind-swept ridges of the mountains, 
both of which are typical pitch pine sites. It invades burned-over 
areas, abandoned fields, and clearings, where individuals may persist, 
but where, if conditions are favorable, reproduction soon becomes 
impossible in competition with other species. iUthough its tolerance 
of competition is low, its tolerance of a vdde range of site factors is 
remarkable. Sandy sods or clay, fertile or infertile, drained or 
saturated, situations xeric or mesic or hydric—all are acceptable to 
this undiscriminating species. 

Three trees were examined with respect to root growth below the 
water table.^’ The largest one was 33 feet tall and 5 inches d. b. h. 
It was located on a steep incline that bounded the vaUey of a creek. 
The water table was bout 3 feet below the surface at the spot where 
the tree stood. Lateral roots extended up the inchne into typical 
Lakewood sand; on the lower side, they extended into the flat valley 
bottom wLere water was only about 6 inches below the surface, with 
sphagnum moss and cinnamon fern (Osmunda cinnamomea L.) to 
testify to the saturated condition. The laterals were of the usual 
type, and put down sinkers regardless of the proximity to water (fig. 
13, A). They were aligned generaUy parallel with the incline of the 
soil surface, both uphill and downhill.^ The taproot penetrated the 
zone of satiuation as a strong shaft, 4 inches in diameter at the level 
of submergence. It broke up into a fan-shaped mass of branches 
along its fhth foot. This fan, which was about 2 feet wide and 4 to 
6 inches thick, was a most peculiar tangle of roots of various sizes, 
unlike anything found on drained soils (fig.^ 13, B). As a mass, it 
ended at a depth of 6.5 feet, though a few individual roots reached 
slightly deeper. Many of the tips were alive and growing slowly. 

A large proportion of the ultimate fine branches were mycorrhizaV 
a condition winch was quite unexpected. The literature contains 

« The method of securing the central root systems from saturated soils was as follows: The topsoil was 
removed around the root crown down to the water, and the lateral roots were severed. A strong pole was 
chained to the stump and operated as a lever over a fulcrum of logs. With this, 3 or 4 men could puli stumps 
of the sizes described. Tractically every root was secured intact, as the sand was held enmeshed in the root 
tangle and was lifted as a solid mass. , ^ 

? The true mycorrhizal character of these roots has been verified by K. D. Doak, of the Allegheny Forest 
Experiment Station. 
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very few definite statements witli respect to the occurrence of mycor- 
rhizae in nature on submerged roots. The negative findings of Bondois 
{ 2 ) constitute the only direct observations on this topic known to the 
writer. The fact that mycorrhizae had not been reported on sub¬ 
merged roots and that good drainage seems essential for the successful 
synthesis of mycorrhizae in culture {21) has led to the general opinion 
that they do not develop under saturated conditions. In some re¬ 
spects the presence of mycorrhizae far below a permanent water table 
is even more remarkable than the growth of the pine roots themselves. 
Interesting questions are raised as to the identity and physiology of the 
fungus involved—questions to which there are at present no answers. 

The other two trees taken from saturated soils grew on a lower site^ 
in what probably was originally the ecotone between white cedar and 
pine stands. (Clearing had disturbed the natural vegetation.) The 
water table was about 8 inches below the surface in dry weather; for 
several weeks after a rainy period it remained only about 4 inches 
down. The site was not a true bog as known in glaciated regions. The 
surface soil to a depth of 6 to 10 inches was composed largely of fibrous 
plant debris, hummocks of cinnamon fern, and sphagnum moss. It 
was densely interwoven with living roots and rliizomes. This fibrous 
mat rested on sand, with a sharp line of demarcation. 

The specimen trees were 4 inches d. b. h. and about 20 feet taU, 
somewhat smaller than the one discussed above. Both were vigorous 
and healthy in appearance, the more recent internodes being 12 to 
18 inches long. One of these trees was essentially taprooted, though 
the shaft forked into two almost equal and parallel parts and divided 
extensively into a fan-shaped mass of many-branched and contorted 
roots (fig. 13, C). It ended at a depth of 4 feet, with a few individual 
roots going about 1 foot deeper. The finding of two such fans indi¬ 
cates that their formation is a normal response to the saturated condi¬ 
tion. Why this is the case must, at present, be left to conjecture. 
The branches did not originate wholly on opposite sides of the tap¬ 
root, which would seem to eliminate diarchy of the protostele as an 
explanation. In fact, many of the roots were triarch. This tree, 
also, showed numerous growiag tips and mycorrhizal clusters. 

The second smaller tree had no taproot, but was anchored by four 
strong sinkers located a few inches out from the stump. They ended 
at depths of 2.5 to 3 feet. One of these obliqued downward, at an 
angle of about 45which is notable as the only example found on 
any tree of a major root following such a course. (Major roots are 
almost always either definitely vertical or definitely horizontal.) 
This tree had developed no fanhke structure. 

These three trees demonstrate that pitch pine can thrive on satu¬ 
rated soils; that it will root solidly and deeply" on such soils, with 
no more than the usual danger of wind throw; and that mycorrhizae 
can develop under conditions of saturation. 

Before applying these conclusions generally, it vrill be necessary to 
examine trees in other regions and on other soil types. It is possible 
that conditions in the pine barrens permit a greater degree of aeration 
of ground water than usually occurs elsewhere. As is^ well known, 
many herbaceous plants that are intolerant of saturation will grow 
in water culture if properly aerated. Hole {14) has showm that some 
trees, at least, respond in the same manner. Hesselman {11) attrib¬ 
utes the growth of spruces in the saturated soils near springs to the 
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unusual aeration of tlie water. Further investigation is necessary to 
determine whether it is the species or the site that is most unique in 
southern New Jersey. 

Plant roots growing under water often show anatomical differences, 
particularly in the development of air spaces. Adamson (1) reports 
the presence of lacunae in both the primary and secondary cortex of 
the submerged roots of Terminalia arjuna. However, no air spaces, 
nor marked looseness of the cortical cells, can be discerned in the 
submerged roots of pitch pine. Hesselman (11) mentions that neither 
pine nor spruce roots develop special air passages when submerged. 
Bondois, in a paper dealing with anatomical features of the roots of 
mesic trees grown in water (2), noted that spruce (the only conifer 
studied) did not develop cortical air spaces, though this did occur in 
several hardwood species. 

ROOT DEVELOPMENT ON HEAVIER SOILS 

Conditions did not permit extensive comparative studies of Pinus 
rigida on widely different soil types, though such studies are much to 
be desired. Some observations and partial excavations of root sys¬ 
tems were made near Mont Alto, Pa., where pitch pine grows on the 
higher ridges in the mountains. The soils are raw, podsolized, stony, 
and high in clay. They are rendered so sticky and compact by the 
clay that spading is almost impossible without preliminary loosening 
with a pick. These soils offer far greater physical resistance to root 
penetration than do the sands of the Coastal Plain and in all prob¬ 
ability retard root elongation urespective of other factors. 

Two small trees, 11 and 14 feet tall, were examined. The following 
differences, in comparison with New Jersey specimens, were noted: 

(1) Vertical roots w^ere generally weaker in both thickness and 
length. Taproots of these trees reached depths of 3 to 3.5 feet. 

(2) Primary laterals w^ere shorter, the longest ones scarcely exceed¬ 
ing the stem in length. 

(3) Laterals frequently ran closer to the soil surface than in the 
NeW' Jersey sands. This probably is a result of the greater moisture- 
retaining capacity of the clayey soil. 

(4) Laterals followed more tortuous courses through the soil owing 
to the resistance of the soil itself and to obstructing rocks. 

(5) Secondary branches were generally more numerous per linear 
unit of primary root. 

(6) Primary laterals had undergone much more basal thickening 
than is usual on New’- Jersey trees of the same size. This is undoubt¬ 
edly correlated with the weakness of the taproots and the consequently 
greater burden of support placed upon the laterals. Stronger pre¬ 
vailing winds, also, may be a factor. 

These generalizations, though derived from a limited number of 
observations, are in essential agreement with statements in the litera¬ 
ture relating to tree roots. Hence they carry more weight than could 
be granted to them if they w^ere not thus supported. Of particular in¬ 
terest are the observations of Rigg and Harrar (22) on the roots of con¬ 
ifers growing in sphagnum peat. They found markedly greater root 
elongation in this loose substratum than in more compact and resistant 
soils. ^ They agree with Biisgen and Miinch (4) that mechanical ob¬ 
structions rather than conditions of nutrition retard root elongation. 
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ROOT FUSIONS 

Frequent references are made in the literature to root fusions^ both 
within the same system and between difterent systems. The occa¬ 
sional persistence of life in coniferous stumps is usually explained as 
resulting from intersystemic fusions with the roots of a living tree 
(fig, 14). In this investigation, such natural roots gnifts were found 
only rarely, and with 
one exception inyolved 
root of the same tree. 

Some were found on 
both pitch and short- 
leaf pines. Close ag¬ 
gregation of trees is 
most conducive to root 
grafts. The fact that 
such situations were 
avoided in choosing 
specimen trees prob¬ 
ably accounts for the 
small number observed. 

ABSORBING AREA 
AND THE PROBLEM 

OF ABSORPTION 

This report is con¬ 
cerned primarily with 
the gross features of 
root systems. The de¬ 
scription and interpre¬ 
tation of the ultimate 
branching patterns and 
of functional areas of 
absorption entail more 
detailed study, involv¬ 
ing tip-by-tip analyses 
and laboratory experi¬ 
mentation. 

In a general way, the 
terminal parts of ver¬ 
tical roots are coarse and sparsely branched (fig. 15); those of horizon¬ 
tal roots are more slender and much more profusely branched. On 
vertical roots, the diarchy or triarchy of the protostele often can be 
determined readily by the alinement of the branches (fig. 16); on 
horizontal roots, the alinements usually are obscured by the profusion 
and contortion of the branches. Roots feeding in the surface humus 
are most intricately branched; the network often is so complex that it 
is next to impossible to obtain any sizable portion intact and free from 
organic debris. The intricacy is enhanced further by innumerable 
mycorrhizal clusters. Though mycorrhizae are found at all levels 
(fig. 15), they occur in greatest abundance in the surface organic 
layers of soil. 



Figure H.—A natural root fusion on Pinus echimta. 
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Tlie amount of functional absorbing area is, in the final analysis, 
one of the most significant features of root systems. The extent and 
degree of branching of the skeletal framework of a root system is 
important only insofar as it brings the absorbing membranes of young 
tips into contact with the necessary water and nutrients. Exact 
knowledge of the root parts wherein absorption occurs is very meager. 
It is not known with certainty how much of the terminal region of a 
root actively absorbs, or whether dormant tips can absorb, or whether 
mycorrhizae are important as absorbing organs. According to the 
usual concept, absorption takes place primarily in the zone of exten¬ 
sion found between the apical meristem and the suberized mature 
region of a growing root. Scott (23) has reiterated this general idea, 



Figure 15.—Tip regions of two vertical roots taken 7 feet deep in drained soil. The clusters are mycor¬ 
rhizae, Note the paucity of permanent branches. 

and pointed out that, with retarded growTh due to drought or other 
unfavorable conditions, suberization processes continue and encroach 
on the absorbing regions of the root. The tip ultimately may be 
completely enclosed by a suberized covering. 

It has been observed by various investigators, and verified by the 
writer in respect to the species studied, that the roots of pines do most 
of their growing in the spring and fall. Finding a growing tip was 
a rare occurrence in July, August, or early September. The dormant 
tips found generally during that period were brown and shrxmken as 
compared with growing ones. Free-hand sections showed the cortical 
cells to be in a flaccid condition, and the cell walls were brown inward 
to the endodermis. They appeared to represent thoroughly that 
state described by Scott wherein the root tip is completely enclosed 
by a suberized covering.^ If it is admitted that active absorption takes 
place only in growing tips, and if Scott^s statement is accepted that 
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“the distribution of suberization may be used as an indication of the 
delimitation or curtailment of the absorbing region of the roof’^ 
then the incongruous situation is presented of absorbing area being 
reduced to a minimum when transpiration stresses are greatest. 
Scott supplies no answer to this question. Perhaps that actually is 
the case, and the tree obtains its water during the late summer months 
solely through the few vertical roots whose tips are not completely 
dormant. Though many of the tips found deep in the subsoil also are 
dormant, and the mmiber of grovung ones seems wholly inadequate to 
supply the needs of the tree, the fact remains that the tree passes 
through the dry summer period annually without visible deleterious 
effects. The prevailing paucity of root hairs on pitch pine roots ren¬ 
ders the mode of water entry 
even more imcertain. The 
whole problem of the loca¬ 
tion and mechanics of water 
absorption in the pine offers 
a fertile field for further re¬ 
search. 

SIGNIFICANCE OF THE 

ROOT HABITS OP PITCH 

PINE 

The relation between ini¬ 
tial root habit and the ability 
of seedlings to maintain 
themselves on various sites 
has been emphasized by 
Tourney {25) and is gener¬ 
ally recognized by foresters 
and ecologists. To establish 
itself on a xeric site, the 
seedling must promptly 
make contact with the more 
permanent reservoir of mois¬ 
ture in the subsoil. Those 
species which push their out¬ 
posts farthest into the mid- 
western prairie are notably deep-rooted. Quercus macrocar pa Michx. 
and Juglans nigra L. may extend their taproots down more than 
4 feet during the first season of growth {IS), Species with inflexibly 
shallow roots are restricted to sites where the topsoil is always moist. 

The excessively drained sands of the pine barrens constitute a 
relatively xeric situation; hence the native pitch pine might be ex¬ 
pected to put down a vigorous taproot during the first season. As 
noted in the discussion of seedling root systems, l-year-old plants 
reach a depth of 1 foot or more on exposed situations. Although 
this is not a striking development, it does bring the roots into contact 
with sands wherein the wnter content only very rarely is depleted to 
the point of the wilting coefficient. In comparing this growth with 
that of xeric broad-leaved trees of the Middle West, it must be borne 
in mind that the latter undoubtedly transpire much more water than 
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do needle-leaved seedlings in the more humid atmosphere of the 
eastern seaboard and therefore require a deeper and more extensive 
root system* 

The literature indicates that seedlings of pines, in general, develop 
deeper root systems than most other native gymnosperms, but, at 
best, fall far short of the growth attained by such^hardwoods as 
black walnut and the more xeric oaks and hickories. Pinus palus- 
triSj growing in the southern sandy Coastal Plain, ordinarily does 
not penetrate the soil deeper than 1 foot during the first season (18). 
P. ponderosa Laws., the dry-land tree of the Eocky Mountain area, 
does not develop unusually deep seedhng root systems (<S). Evi¬ 
dently the successful ecesis of pines on dry areas cannot be wholly 
ascribed to root adaptations. Other features, including reduced 
transpiration, undoubtedly are significant. Pitch pine is equaled 
or surpassed, with respect to depth of seedhng root systems, by 
several other pines and by various hardwoods. From an ecological 
viewpoint its seedling root habit is only one of the complex of char¬ 
acters by means of which the plant is adapted to xeric situations. 
Though it would be presumptuous to account for the prominence 
of the species in the flora of the pine barrens on the basis of any one 
character, resistance to fire probably is most decisive (20). 

^ With respect to the extent of root systems of mature trees, pitch 
pine conforms generally with other species for which information 
is available. Tire similarity between the root systems of pitch and 
shortleaf pines has been noted above. The root development of 
jack pine (Pinus banksiana Lamb.) evidently closely parallels that 
of P. rigida and P. echinata (6), Longleaf pine and Scotch pine, at 
least under certain conditions, may considerably exceed pitch pine 
in spread of roots. Lengths of 70 to 80 feet are reported (12, 17), 
Laterals of the bur oak attain lengths of more than 60 feet (29), 
The horizontal roots of the pecan may extend laterally 30 feet on 
12-year-old trees, and generally maintain lengths of about twice 
the lateral spread of the crown (BO, 31). Such figures, of course, 
are not strictly comparable, since the various species grew under 
widely differing conditions of soil and climate. They show, however, 
that despite soil conditions generally conducive to root elongation 
the extent of root systems of pitch pine is not exceptional. Further¬ 
more, they show the fallacy of the old notion that the spread of root 
systems of trees approximates the spread of the crowns. In trees 
beyond the sapling stages, the spread of roots is nearly always at 
least twice, and in many cases four or more times that of the tops. 
Equivalence of spread above and below ground is to be regarded as 
the exception rather than the rule. 

Depth of roots is more generally responsive to soil conditions than 
is their lateral spread. The figures reported for pitch pine in this 
paper certainly do not approach the maximum depths attainable 
by tree roots. Even on the conservative basis of a depth of 8 feet 
and a lateral spread of 30 feet, the root system of a tree is seen to 
occupy an enormous volume of soil. Trees in nature nearly always 
are spaced so closely that considerable interminghng of root systems 
results. With these are associated the roots of all the subdominant 
shrubby and herbaceous plants of the forest floor. In general, the 
underground parts of the plants of the forest are more intimately 
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associated with each other than are the tops. Particularly on dry 
or infertile soils, underground relations probably determine the 
density of the vegetation. Wlien viewed with a "full appreciation 
of the extent and interrelations of root systems, it may justifiably 
be contended that^ the complexity of the forest community attains 
its greatest expression underground. 

From a silvicultural standpoint, several suggestions are warranted 
on the basis of this study. They may be listed as follows: 

(1) Only seedlings with strong, well-branched root systems should 
be planted. A root system poorly branched in early life will always 
be weak, both as a supporting and as an absorbing structure, and 
will result in a weak tree. 

(2) Pitch pine is not recommended for planting in shallow soils 
overlying solid rock. The tendency to develop fairly deep vertical 
roots is strongly inherent in the species. Complete inhibition of 
the vertical development would result in weakly anchored trees, and 
probably would cause physiological disturbances. 

(3) In the sandy soils of New Jersey, pitch pine may be planted 
on sites w-here the water table is as close as 8 inches to the soil sur¬ 
face. Development of vertical roots under such conditions is not 
markedly inliibited, and the trees are firmly anchored. Planting 
on sites where the water table remains at the soil surface is not rec¬ 
ommended without further study. Aeration of the surface soil 
where the majoiit}^ of the lateral roots are found may be essential 
to the health of the tree. Also, planting on heavy soils with a high 
water table is not recommended until the reaction of the species 
on such areas has been investigated. 

(4) Pitch pine probably can best be used in mixture with other 
species. The natural oak-pine mixtures characteristic of the pine 
barrens constitute a pertinent suggestion. AU observations indicate 
that the greatest productivity of the soil is to be reahzed by following 
this hint from nature. Pitdi pine roots extensively, but not inten¬ 
sively. Some intermingling of the roots of adjoining trees may take 
place without initiatmg marked competition bet-ween them. In the 
case of such intolerant species as pitch pine, crown closure does not 
necessarily indicate complete closure undergroimd. The mixed 
planting, in which the intolerant pine is given a start over more 
tolerant associated species, thus promises the greatest return. 

COMPARATIVE OBSERVATIONS ON PINUS ECHINATA 

Shortleaf pine {Pinus echinata) is an important component of the 
forest on drained soils of the Lebanon area. It occurs in noixture 
with P. rigida and the oaks, or, locally, in almost pure stands. How¬ 
ever, it does not follow^ the pitch pine into lo'w areas of poor drainage. 
Presumably, it cannot tolerate a high vrater table. In the Lebanon 
area, shortleaf pine appears to be even more intolerant of reduced 
light than pitch pine. The trees are remarkably w^ell self-pruned, 
and if at all crowded tend to become spindling and weak. 

Although this investigation was centered around pitch pine, 
observations sufficient to establish certain similarities and differences 
betW'een the two species were made. It has been pointed out that 
no constant differences are apparent in the younger stages of growTh 
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(up to 10 years of age). Differences are apparent in the roots^of 
trees approaching maturity, but the stage of development at which 
those differences become conspicuous was not determined. The 
most striking difference is in the development of the taproot. Pinus 
echmata produces a much more powerful and massive central shaft 
(fig. 17) that maintains its thickness to greater depths and displays 
less tendency to divide into an array of descending branches. The 
depths attained by the vertical roots of the two species are essentially 
the same. 

The root systems are similar in general form and extent. The 
same general relationships between spread of roots and height of 

tops, and between lengths and 
diameters of laterals, seem to 
prevail as in pitch pine. Also, 
the growth of laterals foUo’ws 
the same sequence, i. e., elonga¬ 
tion and the maintenance of a 
ropelike character during the 
first decades of the tree’s life, 
followed by retarded elongation 
and the initiation of basal thick¬ 
ening as the stresses incident 
to an enlarging crown increase. 
Thickening, how’-ever, is less 
pronounced in shortleaf pine, 
inasmuch as the taproot has 
assumed the greater burden of 
support, and for the same reason 
strong supporting sinkers near 
the root crowm are few or 
wanting. 

These comparative general¬ 
izations concerning Pinus 
ecMnata are based on examina¬ 
tions of three specimen trees. 
Two of them were somewhat 
weak and spindling, 25 feet and 
31 feet tall, respectively, and 
4 inches d. b. h.; the third -was 
a mature tree, 8.5 inches in 
diameter, 45 feet tall, and about 

Figure 17.~Taproot of an SS-year-old shortleaf pine, or /-.m T-f 

showing its massive character. ^5 years Old. it may be noted, 

incidentally, that the longest 
root excavated during the entire investigation wns found on the 
somewhat atypical 25-foot specimen of P. echimta. The taproot 
of this tree gave off only 2 sizable laterals, the larger of which was 
10 by 5.5 cm in cross section at the base, and 50 feet long. The 
root was unusually weU branched; obviously, this w’-as somewhat 
compensatory for the paucity of primary laterals. It is very doubt¬ 
ful, however, that the 2 primary laterals, even though exceptionally 
wel developed, could equal the usual complement of 15 to 30 pri¬ 
maries in absorbing area. Certainly such a root system is mechanic¬ 
ally weak as a structure for anchorage and support. 
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The suggestions given for silvicultural management of pitch pine 
hold equally well for shortleaf pine, except that this species cannot 
tolerate situations where the roots reach saturated soil. 

SUMMARY 

The root system of Pinus rigida was studied by the direct, dry 
method in the pine-barren section of New Jersey. It is to be classed 
in the generalized type. It attains a moderately extensive develop¬ 
ment both vertically and horizontally. The basic plan consists of a 
taproot from which 15 to 30 horizontal branches originate and extend 
radially in the surface layers of soil. From these primary branches 
horizontal and vertical secondary branches develop; these in turn 
give off tertiary branches, and so on. Normally, the root system 
occupies a rouglily circular area of topsoil; in all of this area except 
the marginal parts it has extensive contacts vdth the subsoil through 
the development of vertical, or sinker, roots. 

Seedlings are prominently taprooted. They reach depths varying 
from 3 to 12 inches during the first season of growth. 

The taproots of seedlings 4 to 5 years old reach depths of 15 to 24 
inches, and the strongest laterals approximate the same length. 
Plants of this age are semidecumbent; a permanent crook persists 
at the ground line long after they have become rigidly erect. 

The taproots of plants 8 to 9 years old reach depths of 1.5 to 2.5 
feet, and the strongest laterals approximate the same length. Plants 
of this age usually are erect. 

Saplings 12 years of age are beginning to display regular whorls 
of stem branches, and are assuming the aspect of a tree. Taproots 
reach depths of 3 to 4 feet, and the strongest laterals extend 6 to 8 
feet. The period between the eighth and twelfth years of the young 
tree^s life witnesses the following developments: 

(1) Ail acceleration in the growth rate of primary lateral branches, 
as a result of which the radial lateral spread of the root system be¬ 
comes approximately twice the length of the taproot, and 1.5 to 3 
times the length of the stem. Hence, the lateral roots displace the 
taproot as the most prominent feature of the root system. 

(2) Retardation of the growth rate of the taproot as it penetrates 
the subsoil below the 3-foot level. 

(3) The attainment of linear equivalence of stem and taproot, 
prior to winch the taproot was longer, and after w'hich the stem is 
always longer. The ^fference in length between stem and taproot 
constantly increases with the growrth of the tree. 

(4) The attainment of conspicuous size by secondary and tertiary 
branches on the stronger primary laterals. 

Root growth betw^een the ages of 12 and 30 years, or, on the basis 
of stature, between the heights of 4 and 25 feet, is characterized as 
folIow^s: 

(1) Continuous elongation of the primary laterals until lengths of 
25 to 35 feet are attained. 

(2) Maintenance of a ratio of about 1.5 to 1 between the length of 
the strongest laterals and the height of the tree. 

(3) Maintenance of a ratio approximating 1 mm to 1 foot between 
basal diameters and lengtlis of lateral roots. 

(4) Continuous elongation of branches of the higher orders, in- 
creasng the density of roots within the occupied volume of soil. 
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(5) Coiitiniioiis elongation of vertical roots, which, however, after 
reaching depths of 3 to 4 feet, grow much more slowly than the 
surface laterals, and practically cease to grow at depths of 8 to 9 feet. 

As a result of the processes listed above, a constantly increasing 
proportion of the root system as a whole becomes localized in the 
surface soil. 

After trees have reached a height of about 25 feet, and a diameter 
breast high of about 4 inches, root development enters gradually 
upon a different phase. It is characterized as follows: 

(1) Cessation of elongation by the stronger primary laterals and 
by the taproot and stronger sinkers. 

(2) Marked thickening of the basal 2 or 3 feet of the stronger 
primary laterals. The increment usually is greater in the vertical 
plane, forming narrowed, planklike roots; in many cases, the incre¬ 
ment is added almost entirely on the top side, resulting in eccentrically 
thickened, buttresslike supporting roots. This basal thickening 
increases the mechanical strength of the central root system, and in 
all probability is initiated by the stresses incident to an enlarging 
crown. 

(3) Continued elongation of the smaller primary laterals until 
they approximate the length of the stronger ones, after which they, 
too, undergo basal thickening, 

(4) Some continued growth of branches of the higher orders, 
resulting in increasing density of roots in both the topsoil and the 
subsoil. 

(5) A tendency toward marked thickening of the innermost sinkers. 
Such thickening occurs in response to the requirements of the tree 
for support, hence the development is inversely proportional to the 
strength of the taproot. 

Lateral roots function mechanically as props or braces, and only 
incidentally as guy wires. Thickening is stimulated by compression, 
and not by tensile strain. This is conclusively demonstrated by the 
eccentric development of the root systems of leaning trees. 

Poor development of tops is associated with inferior root systems. 

Root branches, irrespective of size, can be traced inward to the 
primary xylem of the parent root, thus indicating that they originated 
when that region of the parent root was young. Hence, a root system 
poorly branched in youth will always be poorly branched, and will 
predispose toward weakness of the tree. Adventitious root branches 
appear to be absent in pitch pine, except that in rare cases they may 
develop in wound tissue following clean severance of a root. 

Replacement tips develop following the death of the terminal 
portion of a root only when death has not extended back into the 
region where secondary wood completely encircles the primary xylem. 

Pitch pine is capable of extensive root growth below the \vater 
table in saturated soils. The descending branches of taproots under 
water sometimes are arranged in a peculiar and characteristic fan¬ 
shaped mass, the explanation of which is obscure. Trees growing 
on saturated soils appear to be in full health and vigor. 

On sloping sites, the primary lateral branches generally parallel 
the soil surface, both uphill and downhill. 

On heavier soils, root development tends to be less extensive, both 
horizontally and vertically, than it is in the sandy soils of the Coastal 
Plain. 
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Root fusions occur occasionally, on both. Pinus rigida and P. 
echinata^ between roots of the same or of different systems. 

The fine roots of the higher orders, through which most absorption 
presumably occurs, are most profusely developed in the upper soil 
layers, and frequently extend into the raw surface humus. The 
ultimate branches of vertical roots are generally coarser and are 
produced in much less profusion. Nearly all root tips become dor¬ 
mant, and many die, during the dry periods of midsummer. Growth 
takes place mostly in the spring and fall. 

Mycorrhizae are a conspicuous feature of pitch pine roots. Their 
period of growth coincides with that of nonmycorrhized tips. They 
are found^ at all depths on both drained and saturated soils, but 
attain their greatest profusion in the surface organic layers. 

With respect to adaptations to xeric sites, the root systems of 
pitch pine show no apparent superiority over those of many other 
species of trees. 

Certain suggestions are offered with respect to silvicultural practices. 

The root development of Pinus echinata in New Jersey is funda¬ 
mentally similar to that of P. rigida. The most marked difference 
is the tendency of P. echinata^ to develop a much stronger and more 
massive taproot, with which is correlated a w'eaker development of 
secondary supporting roots. This species does not invade areas 
where the water table is high. 

LITERATURE CITED 

(1) Adamson, R, S. 

1910. NOTE ON THE ROOTS OF TERMINALIA ARJUNA, BEDD. NeW Phytol. 

9: 150-156, illus. 

(2) Bondois, G. 

1913. contribution a L^ETUDE DE L'INFLUENCE DU MILIEU AQUATIQUE 

SUB LES RACINES DEs ARBREs. Ann. Sci. Nat., Bot. (9) 18: 1-24, 
illus. 

(3) Burns, G. P. 

1914. studies in tolerance op new ENGLAND FOREST TREES. I. 

DEVELOPMENT OP WHITE PINE SEEDLINGS IN NURSERY BEDS. 

Vt. Agr. Expt. Sta. Bull. 178, pp. 127-144, illus. 

(4) BtisGEN, M., and Munch, E. 

1929. THE STRUCTURE AND LIFE OP FOREST TREES. Transl. fpom German 
by T. Thomson. Ed. 3, rev. and enl., 436 pp., illus. New York. 

(5) Cannon, W. A. 

1911. THE ROOT HABITS OF DESERT PLANTS. 96 pp., illus. Washington, 

D. C. (Carnegie Inst. Wash. Pub. 131.) 

(6) Cheyney, E. G. 

1932. THE ROOTS OF A JACK PINE TREE. Jour. Forestry 30: 929-932, 
illus. 

(7) Francis, W. D. 

1931. THE BUTTRESSES OP RAIN-FOREST TREES. Ivew Bull. Misc. Inform. 
1931 (App. 1): 24-26, illus, 

(8) Haasis, F. W. 

1921. RELATIONS BETWEEN SOIL TYPE AND ROOT FORM OF WESTERN 
YELLOW PINE SEEDLINGS. Ecologj 2: 292-303, illus. 

(9) Haberlandt, G. 

1914. PHYSIOLOGICAL PLANT ANATOMY. Transl. from 4th German ed. by 
M. Drummond. . . . 777 pp., illus. London. 

(10) Harshbebger, J. W. 

1916. THE VEGETATION OP THE NEW JERSEY PINE-BARRENS,' AN ECOLOGIC 
INVESTIGATION. 329 pp., iilus. Philadelphia. 

(11) Hessblman, H. 

1910. OM VATTNETS SYREHALT OCH DESS INVBBKAN p1 SKOGSMAEKBNS 
FOESUMPNiNG OCH SKOGENS VAXTLiGHET. Meddel. Statens 
Skogsforsoksanst. [Sweden] 7;^ [91]-125, illus. [In Swedish. 
R6sum6 in German, pp. [xiii]-svi.] 

45695~-36-5 



1016 


Journal of Agricultural Eesearch 


Vol. 61, no, 10 


(12) Heyward, F. 

1933. THE ROOT SYSTEM OF LONGLEAF PINE ON THE DEEP SANDS OF 

WESTERN FLORIDA. Ecology 14: 136“148, illus. 

(13) Holch, a. E. 

1931. DEVELOPMENT OF ROOTS AND SHOOTS OF CERTAIN DECIDUOUS TREE 
SEEDLINGS IN DIFFERENT FOREST SITES. EcologJ 12: 259“298 
illus, 

(14) Hole, E. S. 

1918. RECENT INVESTIGATIONS ON SOIL-AERATION. PART II. WITH 
SPECIAL REFERENCE TO FORESTRY. Agr. JouT. India 13: 430- 
440, illus. 

(15) Illicn, J. S., and Aughanbaugh, J. E. 

1930. PITCH PINE IN PENNSY^LVANiA. Pa. Dept. Forests and Waters 

Researcli Bull. 2, 108 pp., illus. 

(16) Kuez, H., and Demaree, D. 

1934. cypress buttresses and knees in relation TO WATER AND AIR, 

Ecology 15: 36-41, illus. 

(17) Laitakari, E. 

1927. MANNTN JUURISTO MORFOLOGINEN TUTKIMUS, THE ROOT SYSTEM 

OF PINE (PINUS SILVESTRIS); A MORPHOLOGICAL INVESTIGATION. 

Acta Forest. Fennica 33: 1-380, illus. [In Finnish. Summary 
in English, pp. [307]-380.] 

(18) Lenhart, D. Y. 

1934. INITIAL ROOT DEVELOPMENT OP LONGLEAP PINE. Jour. Forestry 
32: 459-461. 

(19) Luncz, G. 

1931. RECENT RESEARCH WORK ON THE ROOT SYSTEMS OF FOREST TREES. 

Internatl. Kev. Agr. 22: 239-243. 

(20) Lutz, H. J. 

1934. ECOLOGICAL RELATIONS IN THE PITCH PINE PLAINS OP SOUTHERN 
NEW JERSEY. Yale Univ. School Forestry Bull. 38, 80 pp., illus. 

(21) McArdle, R. E. 

1932. THE RELATION OF MYCORRHIZAE TO CONIFER SEEDLINGS. JoUF. Agr. 

Research 44: 287-316, illus. 

(22) Bigg, G. B., and Harrae, E. S. 

1931. THE ROOT SYSTEMS OF TREES GROWING IN SPHAGNUM. Amer. JoUF. 

Bot. 18: 391-397, illus. 

(23) Scott, L. I. 

1928. THE ROOT AS AN ABSORBING ORGAN. II. THE DELIMITATION OP 

THE ABSORBING ZONE. New Phytol. 27: 141-174, illus. 

(24) Toumey, j. W. 

1928- FOUNDATIONS OF SILVICULTURE UPON AN ECOLOGICAL BASIS. V. 1, 
illus. New’ York and London. 

(25) - 

1929. INITIAL ROOT HABIT OF AMERICAN TREES AND ITS BEARING ON 

REGENERATION. 4th Intematl. Cong. Plant. Sci. Proc. 1: 713- 
728, illus. 

(26) Weaver, J. E. 

1919. THE ECOLOGICAL RELATIONS OP ROOTS. 128 pp., illus. Washington, 
D. C. (Carnegie Inst. Wash. Pub. 286.) 

(27) - 

1926. ROOT DEVELOPMENT OF FIELD CROPS. 291 pp., illus. Ncw York. 

(28) -and Bruner, W. E. 

1927. root DEVELOPMENT OP VEGETABLE CROPS. 351 DD., illus. NeW 

York. 

(29) -and Kramer, J. 

1932. root SYSTEM OF QUERCUS MACEOCARPA IN RELATION TO THE 

INVASION OF PRAIRIE. Bot. Gaz. 94: 51-85, illus. 

(30) WooDROOP, J. G. 

1933. RELATION OF THE ROOT SYSTEM OF PECAN TREES TO NURSERY AND 

ORCHARD PRACTICES. Ga. Expt. Sta. Bull. 176, 15 pp., illus. 

(31) - and Woodeoof, N. C- 

1934. PECAN ROOT GROWTH AND DEVELOPMENT. Jour. Agr. Research 49: 

511-530, illus. 




THE IDENTIFICATION OP CERTAIN VIRUSES 
AFFECTING LEGUMINOUS PLANTS' 

By W. H. Pierce 2 

Associate plant pathologist, Department of Plant Pathology, Idaho Agricultnral 

Experiment Station 

INTRODUCTION 

There are numerous reports in the literature concerning: the trans¬ 
mission of legume mosaic viruses to various hosts. The failurej 
however, to describe adequately the viruses and the diseases which 
they cause has resulted in much confusion. The overlapping in the 
host range of certain viruses makes it impossible in many instances 
to identify a virus from a brief description of symptoms or a mere 
report of successful transmission from one host to another. In a pre¬ 
vious paper (17Y it was shown that several distinct viruses may infect 
the common bean, Phaseolus vulgaris L. The symptom expression 
on differential hosts, the host range, and the properties of the viruses 
concerned were found to be sufficiently definite to permit identifica¬ 
tion and specific naming. Recently, certain other legume mosaic 
viruses have been studied for the purpose of accumulating evidence 
that beans, peas, and other leguminous plants may also be subject 
to a number of different viruses and that these viruses may be readily 
differentiated and identified in various ways. Additional data on 
the common bean mosaic virus (bean virus 1) and the yellow bean 
mosaic virus (bean virus 2) previously studied and the results of a 
comparative study of five other viruses affecting leguminous plants 
are presented in this paper. 

REVIEW OF LITERATURE 

A mosaic disease of sweet pea, Lathyrus odoratus L. described by 
Taubenhaus (28) in 1914 was shown by him to be transmissible by 
aphids and by artificial methods. Later reports on leguminous plant 
viruses by McLarty (13), Elliott (5), Dickson (3), Doolittle and 
Jones {4)j Boning (f), Merkel (14), Zaumeyer (32), Zaumeyer and 
Wade (33), Henderson (9), Weimer (39), and Johnson (10) also w-ere 
concerned primarily with accounts of symptoms and of transmission 
experiments. The actual identity of the viruses concerned was in 
most cases not established beyond the fact that they “were found 
causing a mosaic on some particular host or hosts and were trans¬ 
missible to certain others. 

There are, on the other hand, reports of legume plant viruses in 
which the identity of the viruses was sufficiently established to per- 

1 Received for publication May 27, 1935; issued February, 1936. Research paper no. 143 of the Idaho 

Agricultural Experiment Station. , . 

2 The author gratefully acknowledges his indebtedness to Dr. C. W. Hungerford for helpful advice given 
during the course of this investigation; to Dr. Merl Stubbs for helpful cooperation in the indentification of 
certain viroses; to Drs. James Johnson and J. C. Walker for suggestions regarding the manuscript; to Dr. 
W. O. Snyder for supplying certain diseased specimens; and to Ruth Remsberg for photographs. 
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mit tlieir recogaition by other workers. Thus in the studies on com¬ 
mon bean mosaic by Reddick and Stewart {22, 23, 24^ 27), Fajardo 
{6, 7), Nelson (lo), Pierce and Hungerford {18), and Pierce {17) it 
seems apparent that the same virus (bean virus 1) was used in all 
cases. Kendrick and Gardner {8, 11) established that a seed-borne 
soybean mosaic virus was nontransmissible to garden beans, 7 other 
species of Phaseolus,2 species of Dolichos, field peas, and cowpeas. 
It would appear that this virus is quite specific to soybean, and not 
confusable with the yellow bean mosaic virus (bean virus 2) and an 
alfalfa mosaic virus (alfalfa virus 2) which Pierce {17) found trans¬ 
missible to soybean as well as to bean and a number of other legu¬ 
minous hosts." The two latter viruses (bean virus 2 and alfalfa virus 
2) were studied {17) comparatively with the virus of common bean 
mosaic (bean virus 1) and all were found to be distinct and separate 
entities. 

Osborn (16) has described a pea mosaic which he obtained from 
plants of iHcia faia L. The virus concerned, produced distinctive 
enations on the under surfaces of infected crimson clover and pea 
leaves. Stubbs^ in an intensive study of viroses of the garden pea 
differentiated two distinct viruses capable of^ causing pea mosaic. 
One of these was found to produce enations similar to those described 
by Osborn {16). This virus was also found to infect the Perfection 
variety of peas, and w-as designated by Stubbs^ as enation pea 
mosaic (pea virus 1). The other virus was incapable of causing 
infection on Perfection peas, and was named pea virus 2. 

Certain well-defined viruses commonly associated with nonlegumi- 
nous plants have in some instances been found to affect plants of the 
family Leguminosae. Thus the tobacco ring spot virus was shown 
by Wingard {31) to be transmissible to bean and sweetclover. Pierce 
(17) extended the host range to include still other legume plants. 
Price {19) found that the ordinary tobacco mosaic virus (tobacco 
virus 1) would produce local lesions on bean, and Carsner {2) showed 
that the virus of curly top of sugar beets was transmissible to bean 
by means of the beet leaf hopper Euiettix tenellus (Baker). Severin 
and Henderson {25) reported common beans, lima beans, cowpeas, 
horsebeans, vetch, hairy Peruvian alfalfa, chickpea, and a number 
of clovers as susceptible to the curly top virus. In stud 3 dng the host 
range of the virus of southern celery mosaic (celery virus 1), Well¬ 
man (SO) found that following inoculation, broadbean {Vicia faba) 
developed small purplish primary lesions which did not become 
systemic. Price {20) found that certain strains of cucumber mosaic 
virus produced necrotic primary lesions on cowpea, Vigna sinensis 
(L.) Endl. One strain was found to cause a typical mosaic disease of 
eo'wpea. 

Linford (12) reported the transfer of pineapple yellow spot from 
Emilia sagittata (Vahl) DC. to peas by Thrips tabaci Lindeman. 
Symptoms on peas were described as streak and as similar to symp¬ 
toms noted on peas naturally infected with a streak. 

It is evident from these accounts that there are a number of viruses 
capable of infectmg leguminous plants, and that the mere observation 
of a virus infection on any particular legume host cannot necessarily 

* Stubbs, M. W. vmosEs of tee garden pea (Pisum sativum L.). Ph. J>. thesis, University of 
Wimmsin. 19S5. (UnpnblMied manuscript) 

t Stubbs, M. W. See footnote 4. 
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be considered as a new and separate disease specific to that particular 
species o 

EXPERIMENTAL MATERIALS, METHODS, AND HOSTS 
VIRUSES STUDIED 

The viruses studied in this investigation were obtained from various 
legume plants affected with viroses. The fact that many of the 
legume plants used were found to be susceptible to more than one 
virus makes it inaccurate and confusing to speak of the virus of the 
mosaic disease of red clover, for instance, without regard to which 
specific virus may be responsible for the virosis in question. An 
attempt has been made, therefore, to differentiate these viruses 
sufficiently to name them. In order to simplify the designation of 
the various viruses for the reader, the names have been applied at 
the beginning of the paper, rather than at the close. The viruses 
studied were as follows: 

Common lean mosaic virus {lean virus 1 ),—This virus is the one 
responsible for the common and prevalent type of mosaic affecting 
common beans (Phaseolus vulgaris) and which has been described 
by Reddick and Stewart {22, 23, 24, 27), Fajardo (6, 7), Nelson {15), 
Pierce {17), and others. The virus was secured from mosaic-infected 
bean seedlings and was used in tliis study in inoculation tests on 
beans only. 

Yellow bean mosaic virus {bean virus 2 ),—This virus was previously 
{17) described and named. In this study the virus was obtained 
from a mosaic-infected yellow sweetclover, {Melilotus officinalis (L.) 
Lam.) plant grown in the field at Moscow, Idaho, in 1934. Symp¬ 
toms on bean and thermal death point studies established this as 
identical with the yellow bean mosaic virus (bean virus 2) previously 
studied. 

White clover mosaic virus {white clover virus 1 ),—This vhus was 
secured from a white clover {Trifolium reopens L.) plant naturally 
infected with mosaic at Moscow, Idaho. The same virus was ob¬ 
tained also from naturally infected yellow trefoil. The virus is trans¬ 
missible to beans, sweetclover, red clover, and peas. It causes 
necrosis of many varieties of peas. Differential hosts, thermal death 
point, and aging experiments are described in detail later in the paper. 

Enation 'pea mosaic virus {pea virus 1 ).—This virus was obtained 
from peas, Pisum sativum L., naturally infected with mosaic in the 
field. The infected specimens were grown in California. This virus 
produces enations on the under surfaces of leaves of affected peas 
similar to those described by Osborn {16) and Stubbs.® It is refolded 
to in this paper as pea virus 1 since it is believed to be the same virus 
as that described by Stubbs. 

Common pea mosaic virus {pea virus S ),—This virus was obtained 
from a mosaic pea seedhng of the Horsford variety grown in the 
greenhouse of the Department of Plant Pathology, University of 
Idaho, Moscow, Idaho. The specificity of the virus was suspected 
from the fact that it was not transmissible to beans. As shown later, 
this virus is similar in symptom expression to a group of viruses studied 
by Stubbs ® as pea viruses 2 A, B, and C; but since certain differences 

® Stubbs. M. W. See footnote 4. 
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iiave been noted, the wus used in this study is designated as the 
common pea mosaic rii’us (pea virus 3). 

Soybean mosaic virus (soybean virus 1).—This virus was secured from 
plants grown from mosaic-infected seed of the Midwest variety of 
soybeans (Soja max (L.) Piper) obtained from the Purdue Agricul¬ 
tural Experiment Station, LaFayette, Ind. As shown later, this 
virus is undoubtedly the same as the one described by Gardner and 
Kendrick (S’, 11 ). 

A vii'us obtained from red clover (Trifolium pratenseh.) and wbicli 
produces local necrotic lesions on the small-seeded broadbean (Vida 
faba var. 7 nijior) lias been studied in a preliminary way. For pur¬ 
poses of designation this virus is referred to in this paper as the broad- 
bean local-lesion virus. Final naming is reserved until such time 
as the host range has been studied and a more complete description 
worked out. 

METHODS AND TEST HOSTS 

The studies were made in the greenhouse where the temperature 
was usually held at about 25° C. Inoculum was prepared by crushing 
leaves and"stems of infected plants in a sterile mortar and then remov¬ 
ing gross solids by straining through cheesecloth. Inoculations were 
made on young plants by rubbing the leaf surfaces with a cheesecloth 
pad that "had been immersed in the inoculum. The percentage infec¬ 
tion was greatly increased by the use of carborundum powder, as 
described by Rawlins and Tompldns (21). In these tests, however, 
the carborundum powder was added directly to the inoculum just 
prior to making inoculations. 

The thermal death point determinations were made by pipetting 
2 cc of a 1 to 1 dilution of freshly extracted infective juice into thin- 
walled test tubes. The tubes w^ere stoppered and placed in an agitated 
constant-temperature water bath for 10 minutes at the desired tem¬ 
perature, after which the tubes were rapidly cooled in cold running 
water. Inoculations were then made immediately to various test 
hosts. The aging tests were made by storing inocula in stoppered 
test tubes in a darkened cupboard at a temperature of 20° to 22° C. 
The virus extracts were tested at desired intervals by removing about 
2 cc from the storage tubes and inoculating young test plants in the 
usual manner. 

The test hosts used were: A French variety of dwarf edible-pod peas 
secured from a commercial seed company at Moscow, Idaho, under 
the name “Nain mangetout k longue cosse” (Pisum sativum var. 
saccharatum Hort.); a mosaic-free strain of Stringless Refugee Green 
beans (Phaseolus vulgaris); a strain of small-seeded broadbeans (Vida 
faba var. minor); yellow sweetclover (Melilotus offidnalis); and the 
Midwest variety of soybeans (Soja max). Each of these hosts was 
found to be susceptible to one or more of the viruses studied. The 
thermal death point and aging determinations were usually made on 
two or more different hosts. 

EXPERIMENTAL RESULTS 

The differentiation of the viruses considered in this paper was 
based upon symptom expression, varietal susceptibility of peas and 
beans, susceptibility of certain leguminous plant species, and upon 
, ' properties of the viruses in vitro. 
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SYMPTOM EXPRESSION 

The differentiation of viruses on the basis of symptoms may often 
lead to erroneous conclusions, but as long as the ultimate test of virus 
infection must be based upon symptoms of one kind or another it is 
essential that careful attention be given to a comparative study of 
symptom expression on differential hosts. In this study symptom 
expression has not been confined to the principal host species but is 
also described on other hosts that have been found to be particularly 
well adapted to differentiation. 

Common bean mosaic virus (bean virus 1) produces the common 
mottled and leaf curl s 3 anptom associated with the seed-borne type 
of bean mosaic as shown in figure 1, Aj and as described in detail by 
Fajardo (6), Nelson (fd), and Pierce (17). 



Figtjtfie 1. —Bean and soybean leaves showing symptoms of infeetioa with certain virases; A, Stringless 
Refuge Green bean infected with bean virus 1; B, Robust bean infected with bean viri^ 2; a Robust 
bean infected with white clover virus 1; D, Midwest soybean, noniuoculated control JE, Midwest soyb^n 
infected with soybean virus 1; F, Midwest soybean infected with pea virus 1; Q, Midwest soybean infected 
with the broadbean local-lesion virus. 

The symptoms caused by yellow bean mosaic virus (bean virus 2) 
were described fully on differential varieties of bean in a former pub- 
hcation (17); however, a few of the important symptoms of diagnos¬ 
tic value are repeated fiere. The first symptom following inoculatioii 
of the primary leaves on Stringless Refugee Green beans is a distinc¬ 
tive drooping of the developing trifoliate leaf. The leaflets are 
definitely pointed downward from the point of attachment to the 
petiole. Small light-yellow spots soon develop in the dark-green 
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background; and the yelio-\ving gradually spreads over more or less 
of the surfaces of the young trifoliate leaves, ^producing a definite 
vellow mosaic pattern. Figure 1, B, shows typical symptoms on the 
fiobust variety of beans. None of the other viruses tested on beans 
produced the distinctive downward pointing of the young trifoliate 

leaf* , ' . . . . , ^ ... 

On certain varieties of peas, bean virus 2 produces a typical mosaic 
pattern (fig. 2, B), The pea mosaic caused by this virus, however, 
was somewhat milder than the pea mosaics caused by pea virus 1 
and pea virus 3, as shown in figure 2, 5, C, and D. 

The symptoms produced by enation pea mosaic virus (pea virus 1) 
on peas was usually very severe, and consisted of motthng, crinlding, 
and savoying of the leaves and stipules (fig. 3, ,^1). On very sus¬ 
ceptible varieties like Alderman, necrotic spots appear, accompanied 
by proliferations on the under suidaces of the leaves, as shown in 
figure 3, B, Since these enations were not found on any plants 
affected with other vhuses they are believed to be of especial diag¬ 
nostic value. The pea mosaic of Osborn {16) is undoubtedly the 
same as enation pea mosaic, since he found enations as a constant 
symptom. This virus is believed to be the same as that causing 
extreme malformation of pods as described by Snyder {26). This 
virus also affects soybeans, producing a mottled dark and light-green 
pattern as shown in figure F. ^ 

Common pea mosaic virus (pea virus 3) causes a distinct mottling 
consisting of yellow and green patterns on peas. In figure 2, (7, is 
shown typical mottling symptoms on Alaska peas. Tins virus also 
produces mosaic motthng on broadbean, red clover (fig. 4, D), and 
yellow sweetclover. No symptoms were produced on beans. 

White clover mosaic virus (white clover virus 1) produces a very 
distinct mosaic on white clover, Trijolmm re'pens. There is also 
some dwarfing and crinkling as shown in figure 5, A. The symptoms 
on red clover and yeUow sweetclover are particularly severe. Dis¬ 
tinct mottling is accompanied by crinkling of the leaves, and in some 
cases a slight spot necrosis is evident on red clover leaves (fig. 4, B). 
Yellow sweetclover plants are definitely dwarfed, crinkled, and 
mottled when infected with white clover virus 1. 

Under winter greenhouse conditions a complete necrosis of peas 
was caused by this virus (fig. 5, F). This complete killing was due 
in part to secondary attack by damping-off fungi. Necrosis is caused 
on broadbeans, but usually the plants survive and show a distinct 
mottling together with some malformation and necrotic spots in the 
leaves (fig. 5, E), White clover virus 1 is also transmissible to beans 
and produces some local vein necrosis on Stringless Eefugee Green, 
followed by a diffused yellow mottling in the subsequent developing 
leaves. This virus does not produce the distinctive drooping effect 
on the young trifoliate leaves which is characteristic of infections 
with bean virus 2. Figure 1, (7, shows diffuse mottling on the Eobust 
variety. Symptoms on alfaKa are mottling and malformation as 
shown in figure 5, C. 

Soybean mosaic caused by soybean virus 1 is characterized by 
motMing of a more or less mild type under greenhouse conditions. 
The leaves are usually curled dovoiward and maKormed with dark- 
green areas interspersed over a light-green (chlorotic) background. 
Figure 1, shows typical leaf symptoms following inoculation of the 
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I'lQTJKE 3.T-Syoaptoias on peas produced by infection with pea Yiras 1: Naturally infected mosaic pea 
ptat from which pea virus 1 was obtained; B, lower surfaces of leaflets showing enations produced by 

pea'-^drus 1. 
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Midwest variety of soybean. The symptoms and effect on yield 
have been fully described by Gardner and Kendrick (S, 11), 

The broadbean local-lesion virus produces distinct local necrotic 
lesions on the small-seeded broadbean, Vida faba var. minor (fig. 6, 
^4, B), These lesions are a dark chocolate brovm in color. The 
virus did not become systemic on broadbean. On peas it caused a 
necrosis of the veinlets which was followed by a distinct chlorosis 
and dropping of the leaves. In figure 6, D and E, are shown typical 
symptoms on Progress and Horal varieties of peas. The symptoms 
appear first on the lower leaves and then progressively upward, in 



Figure 4. —Leaf symptoms produced by three different viruses on red clover: A, Noninoculated control; 
B, infected with white dover virus 1; extreme crinkling and malformation is characteristic; C, infected 
with bean virus 2; D, infected with pea virus 3. Note that symptoms produced by bean virus 2 and 
pea virus 3 are very similar. 

some cases killing the plants. More often, however, the disease 
does not affect the upper part of the plants. On soybean this virus 
produces a slight chlorosis, as shown in figure 1, G. 

RESISTANCE AND SUSCEPTIBILITY IN PEA VARIETIES 

Each of the viruses studied was tested on the following varieties 
of garden peas, Pisum sativum: Alaska, Perfection, Wisconsin Early 
Sweet, Green Admiral, Surprise, Progress, Alderman, Dwarf ^Tele- 
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phone, and Horal. These tests were made more for the purpose of 
establishing differences in the viruses than in showing differences in 
varietal susceptibility. However, it will be seen that certain very 



FiGuee 5.—Symptoms on various Iiosts produced by white clover virus 1: A, Infected white clover; B, 
aoainoeulated white clover; C, infected common alfalfa; D, noninoculated alfalfa; B, infected small-seeded 
broadbeao; -F, infected Nain mangetout k longue eosse variety of peas showing complete necrosis; G, 
noninoculated p«is. 

deiiliite differences in varietal susceptibility were established, which 
may be of value to plant breeders seeking to develop resistant 
varieties. 
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Inoculations were made in the regular routine manner; carborundum 
powder was added directly to the inoculu m and the leaf surfaces 
were then rubbed with a cheesecloth pad which had been immersed 
in the inoculum. No attempts were made to reinoculate plants; 
thus in certain instances in which varieties were not 100 percent 
infected, it cannot necessarily be concluded that the remainder were 
entirely resistant, but rather that they merely escaped infection. In 
table 1 the number of plants inoculated of each variety is given 
together with the percentage infection obtained with the various 
viruses. 



Figube 6.“Symptoms on various hosts produced by the broadbean ]ocal-lesiou virus: A, broadb^n 
control, inoculated with water; B, local lesions on broadbean; C, red^clover infected with both the broad- 
bean local-lesion virus and bean virus 2; A Progress pea leaves infected with the broad ean local lesion 
virus; E, Horal pea leaves infected "with broadbean local-lesion virus, note necrosis of veinlets. 

In a previous paper (17) it was reported that the variety Perfection 
was resistant to infection with bean virus 2, The s^e was found to 
be true in the present investigation; however, certain other varieties 
of peas have been found to be susceptible. Alaska, Green Admiral, 
Alderman, and Dwarf Telephone were all found to be very sus¬ 
ceptible (table 1). No infection was secured on Perfection and 
Horal varieties. 

Pea virus 1 was transmitted to all of the varieties of peas tested 
(table 1). The varieties Perfection and Horal, which were found 
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resistant to pea virus 3, were susceptible to infection with pea virus L 
On varieties susceptible to both viruses, however, lower percentages 
of infection were secured with pea virus 1 than with pea virus 3. 

The pea varieties tested for susceptibility to pea virus 3 were in 
genera] more susceptible to it than to bean virus 2; however, the most 
susceptible varieties to bean virus 2 were also the most susceptible to 
pea virus 3. Alaska, Alderman, Dwarf Telephone, and Green Ad¬ 
miral were readily infected (table 1). No infection was obtained on 
Horal and only three plants of Perfection were infected. These three 
plants may well have been admixtures or rogues. 

White clover virus 1 produced necrosis of all the pea varieties tested. 
On the basis of percentage of plants infected, Horal and Perfection 
exhibited the greatest resistance. One hunded percent infection was 
obtained on many varieties (table 1). Infection with this virus 
appeared to^ predispose plants to attack by damping-off fungi. 

No infection was obtained with soybean virus 1 upon the varieties 
of peas {Pisum sativum) tested. Kendrick and Gardner (11) were 
unable to obtain infection on field peas in their trials. 

The broadbean local-lesion virus was successfully transmitted to all 
the varieties of peas tested (table 1). Only a low percentage of infec¬ 
tion was obtained on Perfection and Wisconsin Early Sweet. In these 
limited tests Progress was the most readily infected. 

RESISTANCE AND SUSCEPTIBILITY IN BEAN VARIETIES 

Six varieties of beans, Phaseolus vulgaris^ were tested for suscepti¬ 
bility to the various viruses. The varieties tested were: Stringless 
Kefugee Green, Idaho Refugee, Wisconsin Refugee, Robust, Common 
Great Northern, and Great Northern UI No. 1. The data are given 
in table 1. 

Stringless Refugee Green and Common Great Northern were 
susceptible to the common bean mosaic virus (bean virus 1). No 
infection with this virus was obtained on Robust, Great Northern 
UI No. 1, Idaho Refugee, and Wisconsin Refugee. 

All varieties were more or less susceptible to the yellow bean mosaic 
vhus (bean virus 2). The varieties Robust, Great Northern UI No. 1, 
Idaho Refugee, and Wisconsin Refugee which were resistant to com¬ 
mon bean mosaic were found to be less easily infected with bean virus 
2 than was Stringless Refugee Green. These result are in accord with 
29revious findings (17). 

All of the bean varieties tested were susceptible to infection with 
white clover mosaic virus (white clover virus 1). Higher percentages 
of infection were obtained on Stringless Refugee Green than on an}^ 
of the other varieties. The symptoms produced by tMs virus were 
considerably less severe than those produced by bean virus 2. 

Enation pea mosaic virus (pea virus 1) was not transmissible to any 
of the bean varieties tested. 

No infection on bean varieties was obtained with the common pea 
mosaic virus (pea virus 3). Inoculum from inoculated beans when 
transferred back to peas gave no infection, showing that the viras 
was not present and that the beans were immune from infection with 
this virus. 

Inoculations to the six varieties of beans with the common soybean 
mosaic virus (soybean virus 1) failed to produce symptoms. Transfer 
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mociilations from inoculated beans back to soybean gave no infection, 
indicating that the virus was not present in beans. 

Only the Stringless Refugee Green variety of beans was tested for 
susceptibility to the broadbean local-lesion virus. In no case was 
infection obtained on this variety. 

RESISTANCE AND SUSCEPTIBILITY OF CERTAIN PLANT SPECIES 

The following plant species were tested by artificial inoculation for 
susceptibility and resistance to each of five viruses: Small-seeded 
broadbean, Vida jaha var. minor] yellow sweetclover Melilotus 
offidnalis; red clover. Trifolium pratense; white clover, T. repens; 
common alfalfa Medicago sativa L.; Midwest variety of soybean, 
Soja max; Stringless Refugee Green bean, Phaseolus vulgaris] Nain 
mangetout a longue cosse variety of peas, Pisum sativum var. saccha- 
ratum; Connecticut Havana No. 38 tobacco, Nicotiana tabacum L.; 
and garden petunia, Petunia hybrida Vilm. 

Table 2 .—Summarized scheme for the differentiation of certain viruses affecting 
legume ylaniSf based on data secured on greenhouse determinations of the resistance 
and susceptibility of certain plant species ^ 


Virus 

Phaseolus vulgaris 

\ 

Pisum sativum 

Melilotus 

officinalis, 

yellow 

sweet- 

clover 

Soja max. 
Midwest 
soybean 

Stringless 

Refugee 

Green 

Robust 

Alaska 

Perfec¬ 

tion 

Bean virus 1. 

++-f 

— 


_ 

_ 


Bean virus 2. 

+++ 

++ 


— 

++ 

+ 

Pea virus 1.. 

— 


++ 

++ 


++ 

Pea virus 3. 

__ 

— 

+++ 


++ 


White clover virus 1... 

+++ 

+ 

+++ 

+++ 

+++ 

— 

Soybean virus 1. 


— 




+++ 

Broadbean local-lesion virus. 




++ 

(2) 

+++ 


j -f-p-f designates severe infection, ++ moderate infection, + slight infection, and - designates no in¬ 
fection. 

No data. 

It was the purpose of these tests to establish, if possible, differences 
in the host range of each virus. Obviously the limited number of 
species tested cannot be considered as adequate host-range studies; 
however, it will be seen that the differential susceptibilities of the 
various species to the different viruses is of value in establishing virus 
identities (tables 1 and 2). Thus the pea mosaic viruses, pea virus 1 
and pea virus 3, are seen to differ from most of the other viruses in 
being non transmissible to bean. Pea virus 3 differs from pea virus 1 
in being nontransmissible to the Perfection and Horal varieties of 
peas. Furthermore, in these tests pea virus 3 was not successfully 
transmitted to soybean, wMle pea virus 1 was transmitted readily. 
The broadbean local-lesion virus produced on broadbean only local 
necrotic lesions, thus differentiating it from those viruses causing 
systemic infection on broadbean. The host range of the broadbean 
local-lesion virus has not been studied. Of the five viruses used in 
tests with tobacco and petunia, none was transmitted, thus establish¬ 
ing that they "were different from the many viruses known to affect 
tobacco and petunia of the family Solanaceae. Many other important 
i^ the susceptibility of the various species may be observed 
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from the results given in table 1. As a further aid in the identification 
of legume plant viruses, a summarized scheme for their differentiation 
on the basis of host susceptibility and resistance is given in table 2. 
As shown in this table, many of the viruses may be readily identified 
by making artificial inoculations to a few varieties of peas and beans 
and to yellow sweetclover and soybean. In a previous paper {17) it 
was reported that red clover was not susceptible to bean virus 2, but 
in the present investigation in which carborundum powder was used 
as an abrasive, a low percentage of infection was obtained on red 
clover. Furthermore, a number of red clover plants brought in from 
the field were found to be naturally infected with bean virus 2. It 
is to be expected that as more adequate methods of artificial inocula¬ 
tion are developed certain other species listed as resistant to certain 
viruses will be found to be susceptible. It is probable also that the 
natural insect vectors may extend the list of susceptible host plants. 

PROPERTIES OP THE VIRUSES 

The thermal inactivation points and resistance to aging in vitro 
were determined for all of the viruses studied in the hope of finding 
differences sufficient for a basis of separation and identification. The 
determinations on each virus were made in most cases on two or 
more different hosts. Thus the virus of common pea mosaic (pea 
virus 3) was tested on peas and on broadbean. Wherever possible 
the inoculum was secured from the same host species as that upon 
which the determinations were made. The results are tabulated in 
tables 3, 4, and 5. 

Thermal Inactivation Point 
(T ables 3 and 4) 

The thermal inactivation point of bean virus^ 2 was found to lie 
between 58° and 60° C. when heated for 10 minutes. It was pre¬ 
viously reported {17) at 56° to 58°, but in the present investigation 
an occasional infection was obtained with virus extracts heated at 
58°. 

Pea virus 1 was usually inactivated at 56° C., but in two trials 
infection was obtained after heating at this temperature. No^ infec¬ 
tions were obtained in any trial after heating at 58° for 10 minutes. 

Pea virus 3 was inactivated at 62° to 64° C. for 10 minutes in the 
determinations made on both peas and broadbeans. 

White clover virus 1 was found not to survive the 58° C. heatmgs 
in tests on sweetclover and peas. In one test on beans this virus 
gave a low percentage of infection following heating at 58°. 

The thermal death point determinations on the broadbean local- 
lesion virus were based on the ability of the virus to produce local 
lesions on broadbean. This virus produced few lesions following 
heating at 60° C. and no lesions after heating at 62° (table 4). 

Soybean virus 1 was inactivated by heating at 58° C. in all tests 
on the Midwest variety of soybean. 


45695—36-6 
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Table S.—Cofnparison of the thermal inactivation points of white clover virus 
pea virus i, pea virus 3, bean virus 2, and soybean virus 1 as determined by systemic 
infection on various hosts 


Temperature (° 0.) 

White clover virus 1 on— 

Pea 
virus 1 
on— 

1 

Pea virus 3 on— 

Bean 
virus 2 
on— 

Soybean 
virus 1 
t on— 

1 

Peas 

Broad- 

beau 

Yellow 

sweet- 

clover 

Beans 

Peas 

Peas 

Broad¬ 

bean 

Beans 

Soy¬ 

bean 

Plants in- 
ocolated 

Plants in- 
fected 

Plants in¬ 
oculated 

Plants in¬ 
fected 

Plants in¬ 
oculated 

Plants in¬ 
fected 

Plants in¬ 
oculated 

iS3 

s 

arc 

9'n 

,2 c 
(li® 

Plants in¬ 
fected 

Plants in¬ 
oculated 

Plants in¬ 
fected 

Plants in¬ 
oculated 

Plante in¬ 
fected 

Plants in¬ 
oculated 

Plants in¬ 
fected 

Plants in¬ 
oculated 

Plante in¬ 
fected 


No, 

No, 

No, 

No\ 

No. 

No\ 

No, 

No, 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

Inoculated control...- 

8 

8 

8 

8 

10 

10 

16 

16 

30 

23 

16 

14 

15 

12 

21 

19 

45 

38 

50. 





5 

5 

5 

5 



6 

5 

15 

8 

5 

4 

33 

25 

54. 



8 

7 





25 

8 





5 

5 

35 

19 

56... 

8 

8 

8 

3 

5 

5 

16 

8 

25 

2 





18 

13 

22 

15 

58. 

8 

0 

S 

0 

10 

0 

16 

1 

30 

0 

10 

1 

15 

6 

20 

2 

22 

0 

60. 

8 

0 

8 

0 

10 

0 

16 

0 

32 

0 

16 

1 

15 

4 

16 

0 

30 

0 

62. 









25 

0 

10 

1 

15 

1 





64. 











10 

0 

10 

0 

























Table 4. —The thermal inactivation point and resistance to aging in vitro of the 
broadbean local-lesion virus as determined by the production of local lesions on 
Vida faba var, minor ^ 


Temperature (® 0.) 

Testl 

Tost 2 

Tests 

Test 4 

Time 

aged 

Test 1 

Test 2 

Inoculated control_ 

Number 
. . ^80 

Number 

660 

610 

Number < 
m 213 ; 

Number 

208 

Hours 

0 

24 

30 

48 

72 

Number 

480 

146 

30 

20 

0 

Number 

213 

120 

50 ... 

56. i 




58. i 

6 

0 

0 


10 

1 

0 


5 

0 

60. 

6 

9 

0 

62 . 

65 _ 

0 












1 Numbers are total lesions produced on 20 inoculated leaves of Vida faba var. minor. 


Table 5.^ —Comparative tests on resistance to aging in vitro of white clover virus Ij 
pea virus 1, pea virus S, bean virus 2^ and soybean virus 1, as determined by 
systemic infection on various hosts 
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^ The difference in the thermal inactivation points of the various 
viruses, while in most cases small, were in some instances sufficient to 
be of value in comparative differentiation. 

Resistance to Aging in Vitko 

(Tables 4 and 5) 

Bean virus 2 was inactivated after aging 24 to 48 hours, which was 
in accord with previous findings {17), 

Pea virus 1 was found to be noninfectious after aging 3 days. 

Pea virus 3 was still infectious after aging 48 hours but failed to 
infect either peas or broadbeans after 72 hours. 

White clover virus 1 withstood agings of 5 days, but after this 
length of time symptoms were slower in developing than in the con¬ 
trol tests, indicating that probably the concentration of infective 
virus had been considerably reduced. No infection was obtained 
after aging 7 days. 

The broadbean local-lesion virus and soybean virus 1 were both 
inactivated by aging 3 days. 

The differences in the ability of certain of the viruses to withstand 
aging in vitro are sufficient in most cases to show definitely that 
separate and distinct viruses were concerned. 

EXPERIMENTS ON VIRUS SEPARATION AND COMBINATION 

A red clover plant taken^jfrom the field in 1934 was found to be 
infected with two separate and distinct viruses. One of these was 
the broadbean local-lesion virus (fig. 6, B) and the other has been 
identified as bean virus 2 (fig. 4, G), These conclusions were arrived 
at in the following manner: The original virus infection on red clover 
produced mottling accompanied by some necrosis as shown in figure 
6, C, When the infected red clover was used as a source of inocidum 
and inoculations were made directly to the Nain mange tout a longue 
cosse variety of peas, a necrosis and streaking developed as shown in 
figure 7, A. When inoculations were made direct from red clover to 
the small-seeded broadbean, local necrotic lesions developed within 
4 or 5 days; and 4 to 6 days later ^systemic 'symptoms [appeared in 
the new growth. Inoculations to peas with the systemic mosaic 
material from broadbean as inoculum caused only a mild mottling in 
peas, as shown in figure 7, P. It seemed probable, therefore, that on 
broadbeans the local lesions were caused by one virus and the systemic 
infection by another, and that the combination of the two viruses on 
peas produced necrosis. The systemic entity on broadbean was 
studied alone, and in tests on Stringless Eefugee Green beans appeared 
to be identical with bean virus 2.^ The original combination from 
red clover produced only systemic infection typical of that produced 
by bean virus 2 in comparative inoculations to bean. Furthermore, 
inoculations from bean back to broadbean produced only systemic 
infections, indicating that beans were not susceptible to the local- 
lesion entity. 

The isolation of the local-lesion entity from the combination on 
red clover was accomplished by^ making inoculations to the Horal or 
Perfection varieties of peas which are resistant to bean virus 2 but 
susceptible to the local-lesion virus. Figure 6, shovrs Horal peas 
infected with the local-lesion virus alone. 
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DISCUSSION 

The purpose of the work described in this paper has been primarily 
to differentiate certain viruses that affect leguminous plants. It is 
hoped ultimately to work out a more complete description of each 
virus which will include host range, properties, transmissibility 
through seed, insect vectors, and occurrence in nature on economic 
hosts. In the meantime it appeared essential to develop short 
methods of identification, so that the virus causing a particular 
mosaic disease, could be readily identified by making artificial inocu¬ 
lations to a few differential hosts or by property tests. The necessity 
for such a method of identification can readily be appreciated from 
the frequent use in the literature of such terms, for instance, as the 
virus of red clover mosaic, without recognition of the fact that there 
is or might be anyone of several viruses capable of causing a mosaic 



Figure 7.— Symptoms produced on Naln mangetout 6, longue eosse peas: A, By combination of bean 
virus 2 and the broadbean local-lesion virus; B, by bean virus 2 alone. 


sjrmptom^ on red. clover. It is realized that the identification of 
certain viruses will, in many instances, be a dfficult task, especially 
in cases where two or more viruses are present in the same plant. 
On the whole, however, it is beheved that more careful attention on 
the part of workers dealing with legume mosaics to the identification 
of the particular viruses concerned will go far toward clearing up the 
confusion existing in this particular field of virus study. 

A few of the important facts pertaining to various viruses known to 
affect peas and beans have been brought together in table 6, not only 
to show that these hosts may be subject to several different viruses, 
blit also to aid in the identification of the viruses. Data on certain 
reported by other workers are included. Under the heading, 
hosts and diagnostic characteristics”, at least one 



differentiation and identification 
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Pineapple yellow Spot virus--- Streak,------ Tmusirntted hy Thrips tabaci _ Linford (1^). 

Bean virus 2„_........ Mild mosaic..___ 58-60 1 to 2 (See under bean).. This paper. 






































1036 


Journal of Agricultural Research 


Vol. 51, no. 11 


characteristic is given wherein a specific virus differed from the other 
viruses affecting the same host. Certain differences in the thermal 
death points and resistance to aging in vitro also are of value in 
identifying some of the viruses. It should be pointed out, however, 
that the thermal death points of most of the legume mosaic viruses 
studied were grouped rather closely around 60° C. ^ This fact may 
be of significance in the classification of viruses; that is, if the thermal 
death points of certain groups of viruses are found to be correlated 
to some extent with the type of host plant affected, a more or less 
natural grouping may eventually be made. With a view to eventual 
classification, it would appear advantageous to consider the legume 
mosaic viruses, the cane-fruit mosaic viruses, the solanaceous mosaic 
viruses, and so forth, each as separate groups; and to separate and 
differentiate the viruses and the virus strains within each group by 
extensive and intensive comparative studies as to plant species and 
horticultural varieties susceptible, transmissibility by insects and 
by artificial methods, transmissibility through seed, and physical 
properties. 

The transmissibility of the various viruses through seed was not 
studied. However, a large number of seedlings of various varieties 
of peas were grown for inoculation purposes, and it seems significant 
that only a single case of seed transmission was observed throughout 
the course of the study. The virus obtained in this one case of seed 
transmission was studied and named common pea mosaic virus 
(pea virus 3). 

It may be well to consider here the possible identity of certain 
viruses referred to in the literature. The pea mosaic described by 
Doolittle and Jones (4) ^nd the broadbean mosaic of Boning (1) 
would seem on the basis of host relationship to have been caused by 
the same virus as the one described in this paper as pea virus 3. This 
may also have been the same virus that Zaumeyer and Wade (33) 
noted on red clover and that they found to be nontransmissible to 
bean. Stubbs ^ was unsuccessful in transmitting his pea virus 2 A, 
jB, G to red clover, and therefore considered his strains as distinct 
from those of Doolittle and Jones (4), Boning (1), and Zaumeyer and 
Wade (S3). It must be admitted, however, that the symptom 
expression of Stubbs’ pea virus 2x4 is strikingly similar to that of pea 
virus 3. There can be little question but that the pea mosaic virus 
of Osborn (16) was the same as the virus later described by Stubbs 
and referred to in this paper as pea virus 1. 

The viruses affecting certain legume hosts which Zaumeyer and 
Wade (33) found to be transmissible to beans may have been either 
bean virus 2, white clover virus 1, or both. The alfalfa mosaic virus 
of Zaumeyer and Wade (33) which produced only necrotic local lesions 
on bean was probably the same virus as that described by the writer 
in a previous paper (17) as alfalfa virus 2. The alfalfa mosaic virus 
which eimer (^9) found to be nontransmissible by artificial means 
should in all probability be considered as a separate and distinct 
virus. Henderson’s (9) new virosis of sweetclover which he found to 
be ttansnmssible to tobacco and petunia but which differed from the 
■tobacco ring spot virus, rnust have been caused by a virus distinct 
from any studied in this investigation since none of the latter was 
fmmd to be transmissible to tobacco. 

M, W. See foo'liiote'4i. 
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The broadbean local-lesion virus described in this paper which tends 
to produce streak symptoms on peas, especially when in combination 
with other viruses, may or may not be the same as Linford^s (12) 
streak. A further study of the host range of this virus would un¬ 
doubtedly give significant evidence one way or the other. 

It seems to be sufficiently evident from these investigations that 
many leguminous species are susceptible to several different viruses. 
Further progress in and understanding of the viroses of legumes is 
dependent, therefore, upon recognition of this fact, and upon com¬ 
prehensive studies of the viruses themselves as well as of the diseases 
caused by them. 

SUMMARY 

The investigations reported in this paper were concerned primarily 
with the differentiation and. identification of seven viruses affecting 
leguminous plants. The viruses studied were: The common bean 
mosaic virus (bean virus 1); the yellow bean mosaic virus (bean virus 
2); a white clover mosaic virus (white clover virus 1); enation pea 
mosaic virus (pea virus 1); common pea mosaic virus (pea virus 3); 
the common soybean mosaic virus (soybean virus 1); and a virus 
obtained from red clover which was designated as the broadbean 
local-lesion virus. Differentiation was based upon symptom expres¬ 
sion on differential hosts, varietal susceptibility of peas and beans, 
susceptibility of certain leguminous plant species, and upon certain 
properties of the viruses in vitro. 

For practical purposes of identification the most significant differ¬ 
ences between viruses was found in their host ranges and in varietal 
susceptibility of peas and beans. Pea viruses 1 and 3 were not trans¬ 
missible to beans by the artificial inoculation methods used. Differ¬ 
entiation of pea virus 1 from pea virus 3 was made on the basis of 
resistance and susceptibility of pea varieties and upon differences in 
host range. Pea virus 1 infected soybean while pea virus 3 did not. 

Bean virus 1 and bean vuriis 2 were readhy differentiated on the 
basis of susceptibility and resistance of bean varieties. Bean virus 2 
was transmissible to certain varieties of peas. 

White clover virus 1 was differentiated from the other viruses 
studied on the basis of its ability to infect all varieties of beans and 
peas tested, and on the basis of symptom expression. 

The broadbean local-lesion virus differed from all the other viruses 
studied in its ability to produce local necrotic lesions at the point of 
inoculation on the small-seeded broadbean. 

Soybean virus 1 appeared to be specific to soybean, no infection on 
other species being obtained. 

The differences in host ranges of the various viruses were supported 
in part by differences in symptom expression, differences in longevity 
in vitro, and in some cases by shght differences in the thermal death 
points of the viruses. 

The differences established were believed to be sufficient to allow 
for the recognition of these viruses by other investigators. 
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THE VITAMIN :A, B, C, D, AND G CONTENT OP THE 
OUTER GREEN LEAVES AND THE INNER BLEACHED 
LEAVES OF ICEBERG LETTUCE ^ 

By Hazel E.^ Munsell, senior nutrition chemist, and Mart H. Kennedy, assistant 

scientific aidj Foods and Nutrition Division, Bureau of Ho 77 ie Economics, United 

States Department of Agriculture 

INTRODUCTION 

The association of vitamin A with greenness of plants has been a 
subject of much interest almost since the discovery of this vitamin. 
In 1925, studies were begun in the Bureau of Home Economics to 
determine the vitamin A content of the outer green leaves and the 
inner bleached leaves of Iceberg lettuce, a variety of Laduca satim. 
While the results of this study were being prepared for publication 
the report of^ Dye, Medlock, and Crist (3) ^ on the association of 
vitamin A with greenness in plant tissues appeared. Publication 
was therefore delayed, and the studies were extended to include 
vitamins B, C, D, and G. The present report covers all of these 
studies, although some of the evidence obtained merely corroborates 
the findings reported by other investigators. 

The tests were completed before the International vitamin standards 
of reference became available for general use. Inasmuch as the pur¬ 
pose of the study was to determine the relative vitamin potency of 
the green and the bleached leaves, the results are still valid even 
though they cannot be interpreted in terms of International units. 

MATERIAL 

AU tests were made with Iceberg lettuce purchased on the Wash¬ 
ington retail market. Most of it was grown in California. The 
inner bleached leaves were from the head as it is offered for sale b}^ 
the retailer, care being taken to discard all leaves showing an appreci¬ 
able amount of greenness. The outer green leaves were those gen¬ 
erally trimmed from the head before it is sold. These were secured 
regularly by a special arrangement with the grocer. As soon as the 
lettuce was received it was carefully washed and stored in a covered 
receptacle in the refrigerator until it was to be used. The excess 
water was patted off with a dry towel before the portions for the rats 
were weighed. The thick part of the stem at the base of the leaves 
was discarded. 

PROCEDURE AND RESULTS 

VITAMIN A 

The vitamin A tests were made by the Sherman-Munsell technique 
(7). The basal diet was irradiated to supply vitamin D. The green 
leaves were fed at levels of 0.0125, 0.025, 0.05, 0.1, 0.2, and 0.8 g per 

1 Received for publication Aug. 19,1935; issued February, 1936. 

2 Reference is made by number (italic) to Literature Cited, p. 1046, 
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rat 6 times per week, and the bleached leaves at levels of 0.4,0.8, and 
1.2 g. The results, given in table 1, indicate that the green leaves 
contained about 34.5 Sherman units per gram while the bleached 
leaves contained only 1 unit per gram. Kramer and her associates 
(5) in 1929 reported results indicating that the green leaves were 30 
or more times as rich as the bleached leaves. 

Table 1. —Vitamin A content of Iceberg lettuce 


Leaves fed 


Quantity 
fed per rat 
6 times per 
week 


Rats used 
in test 


Average 
gain in 
weight of 
rats during 
8 weeks 


Standard 
error of 
mean 
gain of 
rats 


Estimated 
quantity 
of lettuce 
to give 25 g 
gain in 
8 weeks 


Vitamin A 
units 

(Sherman) 
per gram 
of lettuce 


Outer green. 


Orams 
0.0125 
.026 
.05 
.1 
.2 
.8 


Number 

7 

11 

6 

7 

6 

6 


Grams 

18.7 

22.1 

39.5 

55.3 

73.2 

66.0 


Orams 

2.7 

3.7 
6.6 
9.0 
8.6 

12.6 


Orams 

0.029 


34.6 


inner bleached. 


7 

14 

13 


6.2 7.7 

22,7 3.6 ^ 1.0 1.0 

27.9 3.3 ) 


1 Average of 6 surviving animals. 

VITAMIN B 

Tests for vitamin B were made according to the method described 
by Chase and Sherman (^). Eats, weaned at the age of 4 weeks, were 
given the vitamin-B-free diet. At the end of 2 weeks they were placed 
in individual cages and allotted portions of lettuce as their only source 
of vitamin B (Bi). 

A short time before these tests were begun a new colony of rats 
had been established in the laboratory from a few animals obtained 
from the Wistar Institute. This colony was maintained on the same 
stock diet as the regular colony established some 10 years ago from 
which animals are drawn for vitamin B and vitamin G tests. One 
assay was made with young rats from this new colony (B) in order 
to check their behavior when under test. The other assay was made 
with animals from the regular stock colony (A). The results of both 
assays are shown in table 2, 

The green leaves were fed at levels of 2, 4, and 6 g and the bleached 
leaves at levels of 1, 2, 4, and 6 g in the test with rats from colony A. 
In the second series with rats from colony B, both the green and 
bleached leaves were fed at levels of 2, 4, and 6 g. With one exception 
where only one female was used, each group of animals on the different 
levels of lettuce contained the same number of males and females. 
Furthermore, for the most part each individual of a group on any one 
level of a given kind of lettuce was paired with a litter mate of the 
same sex in the groups on the other levels. These precautions are 
essential to the derivation of Sherman units, and also make more valid 
the comparison between the results obtained with the green and 
bleached leaves. 
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Table 2. —Vitamin B content of Iceberg lettuce 



Tests with rats from colony A 

Tests with rats from colony B 
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2 

f5 M 1 
15 r i 

}-u.: 

3.8 



2 

fSM 

18F 

} ”2.4 

2.8 



Outer green_ 

4 

|5M 1 

} + 21.5 

2.4 

0.24 


4 

/8M 
IS F 

1+30.8 ‘ 

l.S 

0.27 




\5 F 






I 6 

1 

/2M 
\2 F 
/5 M 
\5 F 

} +60.5 

2.6 


'0.80 

6 

2 

/8 M . 
18 F 
(8M 
\8F 

J+56.4 
}+i4.4 

3.3 

3.1 


1 0.69 

Inner bleached-. -. 

2 

/5 M 
15 F 

} +2.8 

3.2 

.30 


4 

/8 M 
18 F 

1+52.6 

}+75.1 

3.4 

.39 



4 

/5M 
\5 F 

} +36.1 

3.0 



6 

fS M 
\8 F 

5.0 




6 

1 F 

+51.0 









1 M=inale and F=female. 2 Average of 8 surviving animals. 


In the test with animals from colony A the ratio of potency of 
green leaves to bleached was 0.80, while in the second test it was 0.69, 
This is a rather close agreement considering the variabUity of results 
obtained by the biological method.^ In 1931 Kohman, Eddy, and 
Gurin (4) reported findings indicating that the outer green leaves 
were appreciably richer in the vitamin B complex than the inner 
bleached leaves. 

VITAMIN c 

Tests for vitamin C content, conducted according to the technique 
of Sherman, LaMer, and Campbell (6), were made at two different 
times. In the early tests the levels of lettuce fed to the guinea pigs 
were 6, 12, 15, 18, and 21 g per day. The results indicated that 21 g 
might be near the minimum protective dose, but the limited data 
obtained did not warrant forming definite conclusions. The assays 
have, therefore, been repeated recently with daily feedings of 15, 18, 
and 21 g. The results of the tests at these levels are given in table 3. 
All animals survived the full 90 days of the test period. The mini¬ 
mum protective dose of the green leaves seems to be slightly more than 
21 g and of the bleached leaves about 21 g. ^ Kohman, Eddy, and 
Gurin (4) have reported the minimum protective dose as between 15 
and 25 g. They state that there is very little difference between the 
green and the bleached leaves. 
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Table 3. —Vitamin C content of Iceberg lettuce 


Quantity 
of lettuce 
fed per 
guinea 
pig 6 times 
per week 
(grams) 


Tests with outer green leaves 


Guinea pig 
no.i 


Total 
gain in 
weight 
of 

guinea 

pig 

during 
90 days 


Degree of 
scurvy 


Scurvy 

score 


Tests with inner bleached leaves 


Guinea pig 
no.i 


Total 
gain in 
weight 
of 

guinea 

pig 

during 
90 days 


Degree of 
scurvy 


Scurvy 

score 


15- 


'B23 M. 
B31 M. 
42 M».. 
53 M... 
356 M- 
377 F... 
383 M,. 


Grams 

220 

260 

25 

72 

366 

151 

366 


Average. . 


208.6 


^55 M- 
56 M.. 
59 M.. 
80 M.. 
84 M.. 
[(357 F-. 
365 M. 

378 F.. 

379 M. 


Average... 


82 M... 
SO M... 
364 F.., 
371 M- 


Average... 


~23 

118 

135 

lOS 

369 

253 

20 

279 

345 


178.2 


349 

316 

53 

222 


235 


Trace. 

Mild. 

_do_ 

Moderate, 

Trace. 

Moderate. 
Trace. 


3.5 

5.5 
8 

2 

3 


B26M. 
B33 M. 
B34 M. 
43 M... 
355 F... 
366 M.. 
375 M.. 
382 F„_ 


Grams 

348 

226 

171 

196 

120 

145 

204 

179 


None- 

Moderate. 

.....do_ 

Trace. 

..—do. 

.....do. 

Mild. 

None. 


4.4 


198.6 


IVIoderate.. 

Mild.. 

-do_ 

Trace.. 


Trace. _ 
Mad— 
Trace.. 
_do- 


Moderate... 


Moderate. 
Trace. 


13 

2 

1.5 

3 


57 F.. 
83 M., 


191 

264 


Mild- 


354 M.. 
373 F... 
380 F... 


363 

288 

211 


Trace_ 

-do.. 

.....do_ 


3.9 


0.5 

0 

9 

3 


3.1 


81 F... 
85 M.. 
89 F._. 
368 F.. 
372 M. 


267 
246 

268 
155 
341 


None.. 

Trace. 


255.4 


0 

11.5 

3.5 

2.5 
3 

2 

5 

0 


3.4 


2.5 


2,5 

0 

0 

0 

2 


.9 


1 M=male and F== female. 


VITAMIN D 


The vitamin D tests were made by the usual line-^test technique. 
Rats 28 days old were placed on a Steenbock yellow-corn low-phos¬ 
phorus ration until they developed severe rickets. They w-ere then 
given nine daily feedings of lettuce. At the end of the ninth day 
they were killed and the line test was made. The lettuce was fed 
at levels of 2, 3, and 4 g and one rat received 5 g. No healing was 
produced even at the 5-g level. This would seem to be sufficient 
evidence that lettuce does not contain detectable amounts of ^itaImn 
D, 

VITAMIN G 


The vitamin G tests were made according to the technique worked 
out in this laboratory. It is practically the same as the method 
described by Bourquin and Sherman (I), except that an alcoholic 
extract of rice polishings is used as a source of vitamin B. In these 
tests as in the vitamin B tests, two assays were made, one with 
animals from colony A and the other with animals from colony B. 
In the first test the outer green leaves were fed at levels of 0.5, 1, and 
2 g and the inner bleached leaves at levels of 1, 2, and 4 g. In the 
tests with animals from colony B both kinds of leaves were fed at 
levels of 2, 4, and 6 g. As in the tests for vitamin B, care was taken 
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to have equal numbers of males and females in each group of animals 
on the different levels of lettuce, and as far as possible to have the 
groups fed one kind of lettuce contain a representative of the same 
sex from each litter of test animals used. 

In these vitamin G assays very different results (table 4) were 
obtained with the rats from the two colonies. In the first test made 
during the late summer and fall the green leaves assayed 0.46 Sherman 
unit per gram and the bleached leaves 0.24 unit per gram. In the 
second test made in spring and late summer the green leaves gave a 
value of 1.18 units and the bleached leaves 0.67 unit per gram. 
The ratios between green and bleached for the two tests w^ere respec¬ 
tively 1.91 and 1.76. Thus the relative potency showm by the 
results of the two tests was very similar although the absolute values 
were very different. More recent work in this laboratory has cor¬ 
roborated this variable behavior of rats from different colonies when 
they are confined on a vitamin-G-deficient diet. Of course there is 
a possibility that the differences may have been due to seasonal 
variation in the vitamin content of the lettuce although there are 
no data to substantiate this. 

Table 4. —Vitamin G content of Iceberg lettuce 



Tests 

with rats from colony A, 
summer and fall 

late 

Tests with rats from colony B, i 
and late summer 

spring 


C5 



i , 
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03 ^ 

a 

hS 
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times per week 

ats used in test ^ 

& o 

floo 

*” bC 

: fl g 
"S s 

tn 3 

! 

! £C’ 

is 

> o 

^andard error of nr 
gain of rats 

itaniin Q units (S 
man) per gram 
lettuce 

atio of vitamin G 
tent of green 
bleached leaves 




<5° 

ra 

> 


O' 



CQ 




^ Grams 

Num- 






Warn- 







her 

Grams 
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0.5 

/5M 

15F 

} 8.4 

3,2 



2 

f 8M 
\ 8F 

} 44.1 

3 



Outer green--—. 

1 

/ 6 M 
1 5 F 

} 18.5 ! 

6.1 

0.46 


4 

/ 8 M 
\8F 

} 62.9 

2.1 

1.18 

\ 


2 

1 

/5M 
t 6F 
/ 5 M 
\ 5F 

} 23.7 

1 13.6 

2.9 

3.2 

/ 

il. 91 

6 

2 

/ 8M 
ISF i 
/8M 
\8F 

} 80.4 
} 29.9 

3.7 

3 


^ 1.76 

Inner bleached_ 

2 

/ 5M 
1 5 F 

1 19.4 

5.4 

.24 


4 

j 8 AI 
ISF 

} 40.7 

3.1 

.67 



4 

/5M 

\5F 

} 24*4 

3.9 



6 

/ 8M 
t 8F 

} 

3.4 




1 M=male and E-female. 


SUMMARY 

The outer green leaves and the inner bleached leaves of Iceberg 
lettuce {Lactuca sativa) were assayed for vitamins A, B, C, D, and G. 

The vitamin A content was derived as 34.5 units (Sherman) per 
gram in the green and 1 in the bleached leaves. 

Two assays for vitamin B made vdth test animals from two different 
colonies showed values of 0.24 and 0.27 unit (Sherman) per gram for 
the green and 0.30 and 0.39 for the bleached leaves. 
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Tlie Yitamin C test indicated that the minimum protective level 
for the green leaves was slightly more than 21 g. Very nearly com¬ 
plete protection was obtained with 21 g of the bleached leaves. 

Vitamin D could not be detected in either the green or the bleached 
leaves, although quantities as high as 5 g per day were fed to the test 
animals. 

Vitamin G assays, likewise made with animals from two colonies, 
showed in the one case 0.46 unit (Sherman) per gram for green leaves 
and 0.24 for the bleached. In the other test the values were 1.18 
and 0.67 respectively. The ratios of potency of green to bleached 
leaves in the two tests, however, were 1.91 and 1.76. 
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INTERSPECIFIC HYBRIDIZATION IN GOSSYPIUM ANiD 
THE MEIOTIC BEHAVIOR OF Fi PLANTS ^ 

By J. M. Webbeb 

Associate cyiologist, Division of Cotton and Other Fiber Crops and Diseasesy Bureau 
of Plant Industryy United States Department of Agriculture 

INTRODUCTION 

The present study deals with Fi hybrids between and within the 
following five morphologically distinct groups of Gossypium: (1) Culti¬ 
vated American species; (2) wild American species; (3) cultivated 
Asiatic species; (4) a wild Australian species, 0. sturtii F. Muell.; and 
(5) a wild American plant, Thurheria thespesioides A. Gray, possibly 
congeneric with Gossypium. Each of these five groups, with one 
exception, has the haploid chromosome number 13; in the cultivated 
American group, the haploid chromosome number is 26. The scien¬ 
tific and economic importance of the groups is indicated by the rapidly 
increasing amount of literature dealing with them. 

Previous cytological studies of Gossypium have shown the relation¬ 
ships and possible origin of the species in several groups. Skovsted 
points out that Lawrence (18) suggests the possibility that Asiatic 
cottons are secondary polyploids. Lawrence’s conclusions are based 
upon the chromosome association depicted by Denham {18, p. 367) and 
the complex inbreeding results obtained by Harland {18, p, 376). 
The occurrence of trisomes in a haploid cultivated American cotton, 
together with genetical data, led Skovsted to support Lawrence’s 
assumption. Skovsted offers two alternative explanations of the origin 
of certain Asiatic species: (1) The doubling of chromosomes following 
the ^'crossing of two different but closely allied 7-chromosome species 
with the same 6-chromosome species” and (2) the doubling of a comple¬ 
ment “composed of two similar sets of 6, and one chromosome appear¬ 
ing a third time.” 

During meiosis interspecific Asiatic hybrids have generally been 
reported to form 13 pairs of chromosomes and to exhibit normal cyto¬ 
logical behavior {1, 4) • Skovsted {33), however, records a decrease in 
the number of chiasmata in each ]pair of chromosomes and a very slight 
irregularity in first anaphase distribution. In a triploid Asiatic hybrid 
Skovsted found that polysomes up to septivalents were formed. 
Skovsted’s findings demonstrate that autosyndesis occurred between 
the chromosomes in a haploid set, and further support the assumption 
that Asiatic species are of polyploid nature. 

Davie {3) suggests that the chromosome complement of Gossypium 
herbaceum Lf. is derived from the basic number 7. In support of his 
assumption he points out that two of the somatic chromosomes are 
longer than the rest and that secondary chromosome association and 

1 Received, for publication July 12, 1935; issued February 1936. 

2 Referents is made by nurab^ (italic) to Literature Cited, p. 1069. 
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quadrivalent cliromosomes occasionally occur during meiosis. He 
states {3^ 63): 

The o^igi^ of the genus Gossypiiim appears to have involved tetraploidy 011 a 
basis of 7 followed by fusion of two pairs of chromosomes into one pair, thus 
giving 13 as the fundamental number for the genus. From these so-called 
“diploid Asiatic cottonswhich are really modified tetraploids, have arisen the 
so-called “tetraploid American cottons”, which are phylogenetically modified 
octoploids. The "Hetraploid” American cottons have not necessarily a common 
ancestor. Amphidiploidy has probably occurred in the different hybrids wdiich 
result from crosses betw^een various related ancestral diploid species. In this 
w’ay the American cottons, with 2w—52, may have arisen from separate ancestors. 

Baranov {1) found chromosome distinctions within the somatic com¬ 
plement of both Asiatic and cultivated American species. Skovsted 
{^4) reports that half of the chromosomes of the cultivated American 
species are small and the other half larger. The Asiatic and the Aus¬ 
tralian species have chromosomes comparable in size to the larger ones 
occurring in the cultivated American species, and the small chromo¬ 
somes of the latter species are of the same size as those found in wild 
American species. Skovsted further records that 2 of the chromosomes 
of the cultivated iimerican species and 4 of those of the Asiatic species 
have satellites. 

The double chromosome number found in cultivated American 
species suggested to Longley (19) a duplication of the chromosomes (d‘ 
an ancestral type. Longley believes that his assumption is supported 
by the breeding results obtained in Asiatic and cultivated American 
species (cf. Matsuura, 20), Longley also suggests that the liigh 
chromosome number of the cultivated American species possibly arose 
through hybridization. Five species, Gossypium stocksii Mast, 
(wild Asiatic), G. sturtii (Austrahan), G, davidsonii Kellogg (wild 
American), G, harknessii Brandeg. (wild American), and Thurberia 
thespesioides, are listed by Longley as probably most closely representing 
the ancestral type of species involved in the origin of cultivated Amer¬ 
ican species. The occurrence of quadrivalent chromosomes and appar¬ 
ently of secondarily paired bivalents in cultivated American species 
led the writer (27) to support Longley’s suggestion.^ 

In general, interspecific cultivated American-Asiatic hybrids have 
been reported to forai 13 univalent and 13 bivalent chromosomes dur¬ 
ing the first meiotic division (1, 21). Skovsted {24),^ however, 
records the frequent occurrence of polyvalents, with a conjugation as 
great m hexavalents. He also points out that in a triploid Asiatic- 
cultivated American hybrid (3 ti= 52) the meiotic chromosome coii- 
jugation is the same as that found in the triploid Asiatic hybrid, 
except for the addition of 13 univalent chromosomes. This chromo¬ 
some behavior and the fact that at least 13 univalents are always 
present in both 2n and 3^ hybrids between cultivated American and 
cifitiyated Asiatic species led Skovsted to conclude that the pairing 
in the 2% hybrid was due to aUosyndesis. 

On the basis of the two groups of chromosomes found in the culti¬ 
vated American species, together with the type of pairing (allo- 
syndesis) in cultivated American-Asiatic hybrids, Skovsted concludes 
that the cultivated American species arc aHopol^^ploids. He suggests 
that one of the parental species was an Asiatic cotton or closely allied 
type, ivhile the other was probably a wild American species character- 
ked by 13 smaller chromosomes. 
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In a recent note the writer (28) set forth the essential cytological 
features of several interspecific hybrids in cotton. Since the cyto¬ 
logical behavior of these hybrids bears upon the relationships dis¬ 
closed in the preceding paragraphs, it appears desirable to give a 
more detailed account of their behavior. Additional data from new 
liybrids give further indications of phylogenetic relationshii>s. 

PARENTAL SPECIES AND VARIETIES 

The plants used for this study were from the collection of living 
plants of the tribe Hibisceae of the family Malvaceae at the Kiibidoux 
Laboratory, Riverside, Calif.^ Although numerous additional species 
and varieties were cross-pollinated, only the parents of crosses that 
yielded Fi plants are listed.^ 

Cultivated American group (n=26) 

Gossypium husutum L. (723)^ 

commercial vars. Acala (W 24) and Rowden (W 12) 

G. contextum Cook and Hubbard (542) 

G. punctaturn Schum. and Tlion. (437) 

G, schottii Watt (672) 

G. harhadense L. (W 5) 

commercial var. Pima (W 23) 

Wild American group (7t—13) 

G. davidsonii Kellogg (101) 

G. harknessii Brandcg. (861) 

G. armourianum Kearney (867) 

Cultivated Asiatic group (?i=13) 

G. arhoreum L. 

Taxonomic vars. sanguineum Watt (787) and ncglcclum Watt (785) 

G. ajricanum Watt (419) 

G, herhaceum L. (743) 

Wild Australian species (n=13) 

G. sturtii F. Muell. (632) 

Wild Arizona species (n==i3) 

Thurberia thespesioides A. Gray (112) 

The species and varieties listed are described by Watt {26)j Oakley 
Cook and Hubbard (^), Harland (f(7), and Kearney {1^, 15, 
16), Their meiotic chromosome behavior is described by Webber 
(£7) and Longley (19), 

INTERSPECIFIC HYBRIDIZATION 
METHODS 

In general, the method employed in maldng cross-pollinations was 
similar to that described by Kearney and Porter (77). Theflov7ers 
of the pistillate parent were emasculated the evening before anthesis 
and wmre enclosed in bags. The same evening, the flowers of the 
staminate parent were prevented from opening by means of a spirally 
twisted wire. The next morning, immediately after anthesis, cross¬ 
pollinations were made. In the majority of cases the latter process 
was accomplished before xmtreated flowers of the staminate parent 
w-ere completely expanded. Immediately after pollination the pro¬ 
tective bags were replaced. These bags were removed approxi¬ 
mately 30 hours later, at which time the stigma is apparently no 
longer receptive. 

3 In view of the confusion prevailing in the taxonomy of the cultivated cottons, it Is not assumed that all 
of the species listed here are valid. 

* The numbers in parentheses following the names of the species and varieties are those under which 
the seeds are cataloged by the Division of Cotton and Other Fiber Crops and Diseases, |as explained by 
Webber (f7). 
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In order to increase the percentage of successful cross-pollinations, 
several cotton breeders have developed special methods. These 
methods mainly involve the application of chemical solutions to the 
stigma or the treatment of the stigma with extracts of pollen, stigmas, 
and petals. The writer has tried several of the most promising 
methods and in general found that the application of chemicals or 
extracts to the stigma did not materially increase the percentage of 
successful cross-pollinations. The reported success obtained by such 
methods (5) is undoubtedly partially due to the development of 
parthenocarpic capsules. In cross-pollinations involving certain 
species and forms of cotton, the development of capsules which prove 
to be nothing more than empty shells is quite characteristic. 

Doak {6) describes a method of emasculating cotton flowers which 
has proved very successful. It involves the splitting of the staminal 
column with the finger nail and pulling off the entire corolla and 
androecium in a single piece. This method leaves the pistil com¬ 
pletely exposed and prevents it from being ruptured during normal 
shedding of the corolla. The method undoubtedly makes the stigma 
receptive to pollen over a longer period and prolongs the period of 
pollen-tube growth. The method was first suggested by Zaitzev {29) 
and has been successfully employed by the writer for several years. 

Data given in table 1 indicate that the percentage of successful 
cross-pollinations depends on the time of day when the polhnations 
are made. The higher percentage of successful cross-pollinations 
obtained between 8:30 and 10:30 a. m. was undoubtedly due to the 
use of fresh pollen. In certain cotton species Kearney {IS) has shown 
that the viability of the pollen ^‘increases rapidly between 8 and 9 
a. m., and shows a gradual decline after midday.^^ Other data given 
in table 1 show an increase in the percentage of successful cross- 
polhnations in late summer, which may be due either to weather 
changes or to a physiological change within the pistillate parent. 


Table 1. —Results of cross-pollinations in cotton made (1) in the morning and in 
the afternoon and (2) early and late in the season 


Time of cross- 
pollioation 

Total 
ciross- 
; pollina- 

s tiOBS 

1 

i Successful cross- 
pollinations 

j 

Time of cross- 1 
pollination 

Total 

cross- 

pollina¬ 

tions 

Successful cross- 
pollinations 

8:30-10:30 a. m . 

1-3 p. m. 

Number 

213 

100 

Number ! 
S 

Percent | 
13.03 i 
S.0O i 

May IS-JuIy 31„_J 
Aug. 1-Sept. 30_ 

Number , 
186 i 
129 ! 

1 

Number ; 
17: 
19 ' 

1 

Percent 

9.14 
14. 73 




In table 2 is given the number of cross-pollinations made within or 
among the five groups of species of Gossypium. In each of the combi¬ 
nations, except Thurberia thespesioides X Gomjpium 8turti% several 
species of one or both groups were involved. The table also gives the 
percentage of successful cross-poUmations, the number of seeds ob¬ 
tained, and the percentage of germination of the seeds of cross- 
pollinated F| plants. 

Table 2 shows that in most of the combinations cross-pollmation 
was fairly successful. The correlation between the degree of relation¬ 
ship of the species involved and the success of cross-pollination is 
discussed later. 
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Table 2.- —Results of cross-pollinations within and among the five groups of species 

of Gossypium 


Combination 

Total 

cross- 

pollina¬ 

tions 

Success¬ 
ful cross- 
pollina¬ 
tions 

Seeds 

from 

cross- 

pollina¬ 

tions 

Germi¬ 
nation J 
of seeds 
from 
cross- 
pollina¬ 
tions 

Cultivattid American X cultivated American__ 

Xu inher 
15 

Percent 
50. OO 

Xuutbtr 
\ 154 ! 

1 38 

Percent 

90 

Cultivated American X 0. sturtii _ 

11 

IS. IS 

50 

5JS 

Wild American X O. stuTtii _ _ _ 

2U 

:io. (H) 

53 

AsiSitiQ X G. sturtii ____-.. ..... 

25 

12.00 

1 io 

(-) 

Cultivated American X wild American_ __ __... 

27 

JS. 52 

i 55 

70 

(") 

Asiatic X wild American____ 

17 

5. S9 

! c 

Wild American X wild American___ 

5 

20. (X) 

13 

SO 

Asiatic X Asiatic_____ 

35 

11. U 

49 

70 

Cultivated American X Asiatic..__ __ 

125 

3.19 

i 0 

(9 

100 

Cultivated American X Thurheria thespesioides __ 

23 

4.35 

2 

T. ihespesioidts X G. sturtii ___ 

10 

10.00 

11 

50 


Total or average_____ 

315 

11.43 

417 

41 



1 E?:cept in cases otherwise noted, this percentage is based upon 10 seeds placed between moist cotton at 
28° C. 

2 4 seeds tested; no germination. 

3 2 seeds tested; no germination. 

< 1 seed tested; no germination. 


DESCRIPTION OF HYBRIDS 

Tlie following interspecific hybrids have been grown to maturity: 

Hybrids within the cultivated American group (n=26): 

47.'— Gossypium hirsutuni (W 24) X G. punctatum (437) 

W 50.-— G. hirsuium (723) X G. harhadense (W 23) 

W 51.— G. contextuni (542) X G. schottii (672) 

W 46 and W 49.— G. harhadense (W 23) X G. schottii (672) 

W 54 and W 53. harhadense (W 5) X G. punctatum (437) 

Hybrids within the cultivated Asiatic group ('/i==13): 

W 45.— G, arhoremn var. sanguineum (787) X G. africanum (419) 

W 48.'— G. herhaceum (743) X G. arhoremn var. neglecium (785) 

Hybrids within the wild American group (n=13): 

W 41.'—G. harknessii (861) X G. armourianum (867) 

Hybrids between the cultivated American group (n~26) and the wild 
American group (n=13): 

W 43 and W 34.— G, hirsuium (W 24) X G. armourianum (867) 

W 56.— G. contextum (542) X G, armourianum (867) 

W 38 and W 36.— G, harhadense (W 5) X G, harknessii (861) 

Hybrids betw^een the cultivated American group (n=26) and the wild 
Australian species (?t=13): 

W 57 and W 33,—G. harhadense (W 5) X G. sturtii (632) 

Hybrids between the wild American group (n=13) and the wild Australian 
species (n=13): 

W 39, W 52, and W 35.—(?. sturtii (632) X G, harknessii (861) 

W 40.— G, sturtii (632) X G. armourianum (867) 

W 59.— G, davidsonii (101) X G. sturtii (632) 

Hybrids betw^een Thurheria (n=13) and the wild Australian species (n=13): 
W 58.'— Thurheria thespesioides (112) X Gossypium sturtii (632) 

The following interspecific hybrids did not reach maturity: 
Hybrids between the cultivated American group (n=26) and Thurheria 
(n=13): 

W 44.— Gossypium hirsuium (W 12) X Thurheria thespesioides (112) 
With the exception of Gossypium hirsuium X Thurheria thespesioi^s 
all of these Fi hybrids flowered freely. The hybrids between species 
within a group are self-fertile and produce seed when fecundated with 
pollen of either parental species; also, both parental species are fertile 
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with the hybrid pollen. Such hybrids exhibit considerable hybrid 
vigor. The hybrids between species of different groups, on the con¬ 
trary, are perfectly sterile and produce no seed when backcrossed to 
either parent. The parents also are sterile to the hybrid pollen. 
With the exception of G. hirsutum X T, thespesioides all of these 
hybrids are exceedingly vigorous. 

In several instances, the individuals of a hybrid between a pair of 
species exhibited variation in certain characters. Since other hybrids 
involving one or the other of the same parental species exhibited 
similar variations, it may be supposed that the common parent was 
heterozygous. In order to prevent repetition and complications in 
the following descriptions, such variations and numerous minor 
characteristics of the hybrids are not described.® 

Gossypium hirsutum X punctatum, —Plants hirsvium-like in all characters, 
sparsely hirsute on the young stems and petioles. Petals very pale yellow, 
anthers pale yellow as in punctatum. Bolls with 4 to 5 locules, large, nearly 
pointless, with or without very short apical furrows. Growth habit somewhat 
prostrate, 

Gossypium hirsutum X harhadense. —Typical of this combination in Fi. Petals 
large, martins yellow, with rather faint, striate spots. Pollen empire yellow. 
Bolls large, somewhat pointed, smooth. 

Gossypium contextiim X schottii. —Stems, petioles, leaf veins, and involucel 
very dark purple. Lieaf blades deeply and narrowly lobed. Petals spotless, 
lighter than martins yellow. Anthers approximately empire yellow. Bolls with 
four locules, somewhat taper-pointed, very smooth!^ with short but pronounced 
apical furrows. 

Gossypium harhadense X schottii. —Plants glabrous or nearly so, except on very 
young parts. Stems dark purple. Leaf blades deeply and narrowly five-lobed. 
"Calyx with merely undulate margin and many oil glands. Petals" pale green- 
yellow, distinctly "spotted. Pollen betw^een empire yellow and lemon-chrome. 
Bolls mostly with four locules, pointed, rather deeply pitted, with short but 
pronounced apical furrows. 

Gossypium harhadense X punctatum. —Plants much as in G. hirsutum X harha- 
dense Fi, nearly glabrous except on the very young parts. Petals approximately 
martins yellow, with rather faint striate spots. Pollen near empire yellows Bolls 
with 3 to 5 locules, their surface smooth and light colored. 

Gossypium arboreum var, sanguineum X africanum. —The characters of both 
parents are about equally represented in this hybrid. Young stems, petioles, ahd 
peduncles very hirsute." Older stems dark brown. Leaf blade more like that of 
sanguineum^ deeply lobed, with relatively narrow acuminate lobes. Involucels 
like sanguineum in"having bractlets of more triangular shape but deeply laciniate 
with setose-tipped teeth as in africanum. Petals ruffled on the outer edge, nearly 
as large as in africanum, approaching sanguineum in color (pomegranate-purple), 
but shading to yellowish around the spot rather than, as in sanguineum, to 
whitish. Spot intense Bordeaux color. Anthers near xanthine-orange. Bolls 
mostly with three locules, oblong-ovoid, short-pointed, smooth, reddish where 
exposed. 

Gossypium herhaceum X arboreum var. neglectum. —Older stems nearly black; 
twigs, petioles, and peduncles hirsute. Leaf blades much nearer neglectum in 
shape. Involucel resembling neglectum in its more triangular bractlets with 
slenderer, more setose teeth, the bractlets connate near I)ase. Cah' x like //erhaceu m 
in Its undulate or very short-dentate margin, the teeth deltoid and not, as in 
neglect um, setose-tipped. ‘ Petals approaching jieglectum in size and shape and in 
the larger size of the very intense spot; between martins yellow and picric yellow, 
the spot l>etweeii carmine and ox-blood red. Anthers" light cadmium. Bolls 
mostly with four locules, short-ovoid, very plump, abruptly pointed, with long, 
de^ apical furrow's, red where exposed, 

Gossypium harknessii X armourianum. —Plants more open and with more 
ascending branches than in either parent, obscurely puberulent on the very 
young parts, soon glabrous. Twigs light mahogany colored, older bark light 

s The following dfficriptive notes were supplied mainly by T. H. Kearney. The colors were determined 
; by comparison with the standards in the following publication: Kidgway, R. color standards and 
COLOR NOMENCLATiJEE, 43 pp., illus. Washington, JD. C. 1912 . 
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brown. Leaf blades grayish green (yellowish in Jiarhnessii, deeper green in 
armouriamnn), less shiny above than in armouriammn, nearer harknessii in size 
and shape, entire to very shallowly three-lobed with rounded lobes, broadly 
ovate, obtuse or acutish, rather deeply cordate. Involucei light green, resembling 
that of harknessii in its large, oblong-ovate bractlets, which are persistent until 
an thesis. Petals approaching those of harknessii in size and shape, pale viridine 
yellow. Bolls mostly with three locules, broadly ovoid. 

Gossijpium hirsutum X armourianum. —Plants glabrous except on the very 
young parts, large, woody, many-stemmed but open, the branches wide-spreading, 
with long internodes, the branchlets conspicuously zigzag. Leaf blades light 
green with a small brown pulvinus, mostly shallowly three-lobed. Involucei 
persistent after anthesis; bractlets separate, with a few long teeth. Calyx dentate, 
sometimes with deltoid-setose teeth nearly as long as the height of the undivided 
portion and having very numerous oil glands. Petals pale green-yellow or 
martins yellow, reddish on the exposed edges; spot when present ^ faint and striate 
to rather intensely pomegranate-purple. Filaments colorless, or the lowest purple. 
Anthers with or without red color on the connective. Pollen light cadmium. 
Exserted portion of the pistil very long. Plate 1, A, shows characteristic flower 
parts of tfiis hybrid. 

Gossypium contextum X armourianum, —Closely similar in all characters to 
G, hirsutum X armourianum, 

Gossypium barhadense X harknessii. —The plants show a predominance of 
harhadense characters. Stems decidedly woody, twigs reddish brown. Petioles 
less densely puberulent than in harknessii, with longer hairs. Leaf blades 
harhadenseAike but smaller, the larger ones deeply five-lobed, puberulent with 
short, stellate hairs, with a deeper-colored pulvinus than in harhadense and with 
a small deltoid or lanceolate nectary on the midvein toward base. Involucei 
large, showing no sign of falling at anthesis (a character of harknessii); bractlets 
deeply laciniate with broad teeth, separate or nearly so. Calyx ciliolate, with 
undulate margin and numerous black oil glands. Petals large, pale green-yellow 
in W 36, between martins yellow and picric yellow in W 38, the spots large btit 
rather faint. Filaments purplish. Anthers light cadmium. Pistil with the 
length of the exserted portion equaling or surpassing that of the staminif€i*ous 
portion of the column. Bolls (5 weeks old, parthenoearpic) resembling those of 
harknessii in shape and in the reddish-brown oil glands. A characteristic plant 
and characteristic flower parts of this hybrid are shown in figure 1 and in plate 1, B, 

Gossypium harhadense X sturtii. —Plants glabrous or nearly so, resembling 
sturtii in their rather stiff habit, with long, nearly erect, vegetative branches. 
Fruiting branches with very long internodes. Young bark reddish, glaucous. 
Leaf blades not glaucous, varying on different plants from deeply and rather 
narrowly five-lobed to much more shallowly and broadly three-lobed, with large 
lanceolate or deltoid nectaries near the base of the midvein or of all three prin¬ 
cipal veins. Involucei glabrous, one-half to two-thirds as high as the corolla; 
bractlets separate to the base, more or less deeply laciniate with few or rather 
numerous subulate, setose-tipped teeth. Calyx" ciliolate, with numerous oil 
glands, sharply dentate, with deltoid-subulate teeth. Petals densely ciliate 
toward base, between Tyrian pink and rose colored (yellow' in harhadense, pale 
mauve in sturtii) with very large, intense, feathered spots of sturtii character 
and varying from pomegranate-purple to bordeaux in color. Coliunn very long 
and staminiferoiis nearly to its base, as in sturtii. Filaments purple. Aiithers 
reddish. Pollen yellow. Pistil long-exserted, but the exserted portion much 
shorter than the staminiferous part of the column. Figure 2 show's a character¬ 
istic plant of G. harhadense X sturtii, and plate 2 show's characteristic flow'er 
parts. 

Gossypium sturtii X harknessii. —Plants of intermediate liabit, less stiff and 
erect than sturtii, but much less spreading than harknessii, more open than 
either parent, with numerous erect or ascending branches, nearly glabrous. 
Petioles obscurely puberulent tow'ard apex. Leaf blades glaucescent, nearer 
harknessii in color, broadly deltoid, entire to rather deeply three-lobed, sub- 
cordate, acuminate, the lateral lobes rounded or acute, with a very small, slit¬ 
like nectary near the base of the midvein, Involucei more persistent than in 
harknessii, larger than in either parent, glabrous; bractlets widely separate, ovate 
or iance-ovate, setose-acuminate, narrow'ed at base, usually undulate or sparsely 
denticulate on the margin, but sometimes dentate with very few', short or long, 


s The armourianum paxent was presumably heterozygous for this character. 
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subulate-setose teeth. Calyx very thin, obscurely ciliolate, dentate with short, 
deltoid, very acute teeth and with numerous oil glands. Petals of a rather dingy 
color between rose-pink and hellebore-red, with a broad, pinkish-buff stripe on 
the exposed edge, the spot large, much like that of sturtii in shape but less feath¬ 
ered, bright carmine. Column often very long, as in sturtii. Filaments much 
shorter than in harknessii; anthers between dragon-blood red and Etruscan red. 
Pollen pale yellow. Pistil with the exserted portion long but usually shorter 
than the column. Figure 3 shows a characteristic plant of G. sturtii X harknessii. 



Figure barbademe X harknessii. Typical Fi plant. 


Gossyfdum sturtii' X armourianum, —No open flowers have been produced. 
Plants minutely puberulent on the very young parts, soon glabrous, low, com¬ 
pact, with vepr numerous, ascending branches, much lower and more spreading 
than in sturtii but with fewer and less spreading branches than in armourianum. 
Lerf blades not glaucous and of about the same color as in armourianum, broadly 
ovate, subcordate, abruptly short-acuminate with a cartilaginous tip, usually 
•with a small slitlike nectary near the base of the midvein. Involucel of inter¬ 
mediate Bize and character, more persistent than in armourianum; bractlets 
widely separate, narrowiy lanceolate, entire, or occasionally with a minute tooth 
near apex, very sharply cartilaginous-acuminate. Calyx conspicuously dentate 
with deltoid-subulate teeth longer and slenderer than in armourianum and hav¬ 
ing numerous, conspicuous, prominent black oil glands. 
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Gossyyiwn davidsonii X st urtii, —-Plants very open, with few ascending branches, 
obscurely puberulent toward the apex of the petiole, on the pulvinus, and 
near the base of the leaf veins, otherwise glabrous or very nearly so. Leaf blades 
glaucous but much less so than in sturtii, all entire or occasionally with a very 
short tooth, broadly ovate, short-acuminate, subcordate. Involucel nearly 
intermediate, obscurely ciliolate, otherwise glabrous; bractlets quite separate, 
oblong-ovate, with few short, deltoid, setose-tipped teeth. Calyx dentate with 
deltoid, obtuse to setose-acuminate teeth and with fairly numerous oil glands. 



Figure 2.—Gossypium barbadense X sturtii. Typical Fi plant. 


Corolla small. Petals pale rhodonite pink, the spot sturtii-like, pomegranate- 
purple. Column much as in sturtii, long, the staminiferous portion longer than 
the exserted part of the long-exserted pistil. Filaments short, purplish. Anthers 
pale orange-yellow, drying pinkish. Pollen pale yeUow. Figure 4 shows a char¬ 
acteristic plant of (?. davidsonii X sturtii, and plate 3, A, shows characteristic 
flower parts. 

Gossypium hirsutum X Thurheria thespesioides, —The plants died soon after 
the seedling stage. Leaf blade much like that of Thurheria in shape, ovate- 
lanceolate, deeply and narrowly lobed. 

Thurheria thespesioides X Gossypium sturtii. —Plants much more open in habit 
than G. sturtii, with numerous nearly erect limbs; young branches somewhat 
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^iaucoiis. Leaf blades green, sliglitly glaucous, much like those of Thiirheria in 
shape, ovate-lanceolate and entire to deeply and narrowly three-lobed; lobes 
long-acuminate, setose at apex as in 0. sturtiij with an elongate slitlike nectary 
very near the base of the midvein. Involucel with bractlets widely separate, as 
in both parents; liractlets lanceolate, intermediate in width but near G, sturtii 
in length, setose-tipped, often with 1 or 2 setose teeth. Calyx abruptly dentate 
with subulate-setose teeth. Petals approaching those of G. sturtii in size and 
shape, in color intermediate between white and pale amaranth-pink, fading to 
the latter color, the spot between pomegranate-purple and bordeaux, very like 
that of (r. sturtii. Column much as in G. sturtii, elongate, with short filaments, 



Figuee Z.~-GmB§pmm sturtii X horkmmi. Typical Fi plant 

but with fewer stamens and these not extending so near the base of the column. 
Filaments purple. Anthers daphne pink. Pistil, with the exserted portion long 
but not equaling the column. Plate 3, B, shows characteristic flower parts of 
T. tfmpesimdes X G. sturtii. 

CYTOLOGICAL TECHNIQUE 

Cytological material was collected in full sunlight betw^een May 
and September. In order to insure characteristic meiotic behayior, 
weekly checks^ were made with material from several individuals. 
Since these individuals continued throughout the season to exhibit the 
same cytological behavior, the data herein reported may be assumed 
to be characteristic of all representatives of a given combination. 

The study was limited to pollen mother cells and sporads from an¬ 
thers fixed in Carnoy^s fluid 10 to 30 minutes, washed and preserved 
in alcohol, and crushed in iron-acetocarmine. The use of Carnoy’s 
fluid and alcohol previous to crushing in acetocarmine is of advantage 
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in that the extremely soft pollen mother cells of Oossypium are hard¬ 
ened and much of the matter obscuring the chromosomes is removed 
from them. Acetocarmine preparations have the distinct advantage 
of keeping pollen mother cells in a solution. Hence, the cells can be 
moved to allow vision at different angles and can be easily crushed to 
allow a more detailed study. 



JiGUBE i.-~Gossypium davidsonii X sturtii. Typical Fi plant. 

All drawings were made at bench level with a camera lucida having 
a 1.5-mm objective (1.3 N. A.), an 18 X compensating ocular, and a 
tube length of 160 mm, giving a magnification of 4,650 diameters. 

MEIOTIC BEHAVIOR OF Fj PLANTS 

HYBRIDS BETWEEN CULTIVATED AMERICAN SPECIES <N 26 X N 26) 

The reduction divisions of the hybrids between species within the 
cultivated American group of cottons, listed on page 1051, are similar 
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to those of their parents (27). Although there are generally 26 bi¬ 
valent cliroiiiosoiiies at first metaphase, occasionally 1 or 2, and rarely 
3 quadrivalent chromosomes are formed. The bivalent partners are 
united at one or both ends by 1 or 2 or rarely 3 chiasmata. The total 
number of chiasmata is apparently somewhat smaller than in 26- 
paired species. Figure 5 depicts a characteristic first metaphase of 
Gossypium barbadense X schottii. 

During the fii'st anaphase no irregularities occur and the homotypic 
ilivisions are nearly normal. Like the parental species, approxi¬ 
mately 4 percent of the sporads contain microcytes. 



Figure 5.’-~Gossppium barbademe X schottii. Lateral view of first metaphase in a slightly crushed pollen 
mother <^11, showing 26 bivalent chromosomes. 


HYBRIDS BETWEEN ASL4TIC SPECIES (N 13 X N 13) 

The meiotic divisions of Gossypinm arboreum var. sangidneum X 
afrimnum and of G. herbaceum X arboreum var. negledum also present 
a picture very similar to that of their parents (27). There are 13 
bivalent chromosomes. At the first metaphase the total number of 
chiasmata is considerably smaller than that occurring in either parent 
and all chiasmata are strictly terminal. In G. arboreum var. smi- 
guineum X africmium the union between the partners of 2 bivalent 
chromosomes is apparently rather weak, and in several cases 2 uni¬ 
valent chromosomes have been observed. In the anaphase of the 
latter hybrid occasionally the univalents lag and rarely are left in the 
plasma. Although in both hybrids the majority of second metaphase 
plates contain 13 chromosomes, plates with 12 and 14 are not uncom¬ 
mon. Approximately 3 percent of the sporads of G. herbaceum X 
mboreuM var. negledum and 6 percent of those of <?. arboreum var. 
mngmneum X africanum exhibit microcytes. 
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HYBRIDS BETWEEN WILD AMERICAN SPECIES (N 13 X N 13) 

The meiotic divisions of Gossypium harknessii X armourianum are 
similar to those of both parents {27), During dialdnesis and the 
first metaphase there are 13 pairs of chromosomes. Both the first 
and second divisions are regular 


and the tetrads are normal. 
Figure 6 depicts a characteristic 
first metaphase. 
hybrids between cultivated 

AMERICAN AND- WILD AMERICAN 

SPECIES (N 26 X N 13) 

During the first metaphase in 
Gossypium hirsutum X armour¬ 
ianum and G. contextum X ar- 
mourianum there are usually 
13 bivalent and 13 univalent 
chromosomes. Among 43 pol¬ 
len mother ceils of G. kirsutum 
X armourianum, 4 formed 1 
quadrivalent, 11 bivalent, and 
13 univalent chromosomes; and 
and 13 univalent chromosomes, 
equatorial plate which generally 
The remaining univalents are mi 



Figure 6 .—Gossypium harknessii X armourianum. Pro¬ 
file view of first metaphase iu a pollen mother cell, 
showing 13 bivalent chromosomes. 


1 formed 2 quadrivalent, 9 bivalent, 
The bivalents form a well-organized 
contains a few elongated univalents. 
)re or less spherical and are scattered 



Figure 7.—Gossypium hirsutum X armourianum. Lateral view of first metaphase in a pollen mother cell, 
showing 12 bivalent and 15 univalent chromosomes. 

over the achromatic figure. The majority of bivalent partners are 
united at one end by 1 or 2 terminal chiasmata. In some bivalents 
the union between partners is comparatively poor and rarely it is 
ineffectual. In the latter case 2, 4, or 6 additional univalent chromo¬ 
somes occur. Figure 7, which illustrates the condition at the aj)- 
proach of the heterotypic anaphase, depicts 12 bivalent and 15 unir 
valent chromosomes. 
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At the first anaphase the bivalent partners are distributed normally 
and the scattered univalents pass^ toward adjacent polar regions. 
The univalents in the equatorial region become laggards and elongate 
as though about to divide. They are^ later distributed at random 
toward the poles, but on account of their delayed movement they are 
frequently left in the plasma. Occassionally a univalent completes 
division and the resulting parts are left in the plasma or included in 
the daugliter nuclei. Since the products of such division are of vari¬ 
ous sizes, the division is undoubtedly a fragmentation. 

The homotypic divisions are faiidy regular. There are usually two 
major and several diminutive achromatic figures. Although the 
majority of chromosomes divide normally, laggards are not uncom¬ 
mon. At the completion of meiosis highly ataormal sporads occur, 
which contain from 2 to 12 spores of various sizes. 

The heterotypic divisions of Gossypium barhadense X harknessii 
differ slightly from those of G. hirsutum X armourianufn. In no 
case have more than 13 univalent chromosomes been observed. In 
G. barhadense X harknessii it is apparent that more of the bivalent 
chromosomes are imited at both ends than in hybrids between G, 
hirsutim or G. contextnm and G. armourianum. The majority of 
pairs are more or less ring-shaped and several exhibit three chiasmata. 
It is also apparent that the unions between bivalent partners are 
comparatively stronger than those occurring in G. hirsvtiim X 
armowrianum. 


HYBRIDS BETWEEN CULTIVATED AMERICAN AND WILD AUSTRALIAN SPECIES 

(N 26 X N 13) 


The meiotic divisions of Gossypium barbadense X sturtii are very 
irregular. In the heterotypic division there is so much variation that 
in many pollen mother cells the type of conjugation could not be 
accurately determined. The following data for the first metaphase 
chromosome conjugation in 45 poUen mother cells, however, are 
believed to be accurate and characteristic of the majority of poUen 
mother cells, 

ITumber 

of of poUm 

coTiji^ation ? mother cells 


Oii+SOi...-.... 25 

ln+37i--- S 

2ii+35i_ 5 

- 5 

4n+31i- 2 


An examination of the foregoing data shows that from 0 to 4 
bivalent and from 31 to 39 univalent chromosomes are formed. Al¬ 
though the bivalents lie in the equatorial region, they do not form a 
definite plate. Their partners are united by a single chiasma, which 
often appeam imperfect. In the majority of cases, the univalents are 
uniformly scattered over the achromatic figure. Figure 8 depicts a 
first metaphase having 2 bivalent and 35 univalent chromosomes. 

The remaining stages of meiosis are similar to those found in 
Gossypium hirsutum X armourianum. In G^ barbadense X how¬ 

ever, the irregularities are of greater magnitude. Aso in the latter 
hybrid several somatic (39-chromosome) second-metaphase plates 
have been observed. At the completion of meiosis the sporads con- 


7 The subscripts I and II are eytological symbols designating univalent and bivalent chromosomes. 
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tain from 2 to 14 spores, which vary in size from very small ones to 
those nearly twice the size of the tetrad spores of the barbadense 
parent. 

HYBRIDS BETWEEN WILD AMERICAN AND WILD AUSTRALIAN SPECIES (N 13 X N 13) 

The types of conjugation at first metaphase in Gossypiwm sturiu X 
mmourianumj G. sturtii X harknessiij and G. daindsomi X sturtii are 





FmuRE S.- Gossi/piiuu fmrbademe X alvrfii. Profile view of firs-t mctapha.sc in a pollen mother cell, sho^v. 
ing 2 bivalent and 35 univalent chromosomes. Four of the univalent chromosomes are in nrocess of 
fragmentation. 


given in table 3. Although chromosome pairing is variable in these 
hybrids, they exhibit a larger number of pans than does G. barba- 
dense X sturtii, and pairing is more frequent. Table 3 indicates that 
from 0 to 6 bivalent and from 14 to 26 univalent chromosomes are 
formed in hybrids between the wild American species and G, sturtii. 
The arrangement of bivalent and univalent chromosomes on the achro- 



FiGUftE d.—Gossijphm stuTtii X armourianum. Profile view of first metaphase in a pollen mother cell, 
showing 6 bivalent and 14 univalent chromosomes. Three of the univalent chromosomos are undergoing 
fragmentation. 


matic figure is similar to that recorded in the case of G. harbadense X 
sturtii. Also, like the latter hybrid, the bivalent partners are united 
at one end by a single chiasma, which is comparatively imperfect. 
Figure 9 depicts a first metaphase of G. sturtii X armourianum having 
6 bivalent and 14 univalent chromosomes; 3 of the latter are apparently 
fragmenting. Figure 10 shows a first metaphase of G, davidsonii X 
sturtii having 26 chromosomes. 
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Table 3, — First-meiaphase chromosome conjugation in pollen mother cells of 
hybrids between Gossypiu7n siurtU and wild American species 



Pollen mother cells with indicated type of conjugation 


0ii+26i 

tn+2fi 

2ii-f22i 

3ii+20i 

4ii+18i 

fii+161 


G. Murin X ermouriamm _ 

G. siurfii X harknessii ..— 

G. damdsonii X sturfii .. 

Number 

26 

11 

17 

Number 

13 

4 

5 

Number 

4 

1 

4 

Number 

3 

1 

3 

Number 

1 

Number 

1 

2 

Number 


The irregularities occurring in the remaining stages of meiosis are 
similar to those exhibited by Gossypium hirsutmn X armourianum, 



FiGUKK lO.—Gossupium daddsonii X siurtiL Profile view of first metaphase in a pollen mother cell, showing 
26 univalent chromosomes, 5 of which are undergoing fragmentation. 

but are somewhat smaller and considerably less pronounced in 
these hybrids than in 0, barbadense X sturtiL Although the sporads 
of all three hybrids in this group are generally highly abnormal, 
those of G, sturiii X armourianum most nearly approach the tetrad. 



% 


HYBRIDS BETWEEN THUR- 
BERIA THESPESIOIDES 
AND GOSSYPIUM STURTII 
(N 13 X N 13) 

During the first met¬ 
aphase of Thurberia 
thespesioides X Gossyp¬ 
ium siurtii there is no 
Tisible chromosome 
pairing. The 26 uni- 
valent chromosomes are 
scattered over the ach¬ 
romatic figure. Now 
and then several long 


Figobe 11. — Tburberk. ihespemides X Gossspium sturtU. Profile 
\iew of first metaphase in a pollen mother c*Il, showing 26 
tmivaleiit chromosomes, 5 of which are fragmenting. 


slender univalents are 
found in the equatorial 
region. Although these 


latter univalents occasionally divide, they usually exhibit a random 
distribution along with the remaining univalents. The homotypic 


divisions are quite regular, even though a few chromosomes often lag. 


The sporads are highly abnormal. Figure 11 depicts a characteristic 


first metaphase of T. thespesioides X G, sturtiL 
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Interspecific Hybridization in Gossypium 


A NATURAL HYBRID BETWEEN AN ASIATIC AND A CULTIVATED AMERICAN SPECIES 

(N 13 X N 26) 

The writer has made a careful cytological study of a natural 
hybrid between an Asiatic and a cultivated American species of 
Gossypium {nld X n2Qy The particular Asiatic species to wMch 
one of the parents of this hybrid belonged is unknown. The Ameri¬ 
can parent probably was Gossypium hirsutum. Longley (19) reported 
that this natural hybrid exhibited variable pairing^ and he figured a 
metaphase with 14 bivalent and 11 univalent chromosomes. In the 
same hybrid Skovsted (24) reported the pairing in tw^o pollen mother 
cells to be, respectively, 13 univalents, 8 bivalents, 1 tetravalent, and 
1 hexavalent; and 14 univalents, 8 bivalents, 1 trivalent, and 1 
hexavalent. 

The writer’s studies indicate that the meiotic behavior of this 
natural hybrid closely approaches that reported by Nakatomi (21) 
in similar hybrids and resembles the behavior of Gossypium hirstdum 
X armourianum reported above. Although during diakinesis there 
are generally 13 pairs and 13 single chromosomes, occasionally 
1 to 3 quadrivalents are present. The majority of pairs are united 
at one end by 1 or 2 chiasmata. At least 4 pairs exhibit 3 chiasmata. 
Although several pairs display interstitial chiasmata, the majority 
have only subterminal or terminal ones. At the approach of the first 
metaphase the degree of terminalization of the chiasmata appears to 
vary. It is usually complete, but occasionally subterminal, and 
very rarely interstitial chiasmata occur. In several cases, the union 
of rod-shaped pairs is comparatively imperfect. 

Following are the data for the first-metaphase chromosome conjuga¬ 
tion in 62 pollen mother cells of this natural hybrid in F 2 . 


Type of 
cnnjugatwn 

13n4* 13 t_ 

12n+ 15i_ 

llxi4- 17i- 

10n+ I9i. 

9ii4- 21r_ 

livd" lln+ 13i. 
2iv-i- 9ii+ 13i-. 
3 iv 4- 7ii-i- 13i_. 
4iv+ 611 + 111 .. 


i\^nmher 
of poffen 
mother ceJhs 

... 38 

.... 5 

. . 3 

... 3 

1 
7 
2 
1 
2 


An examination of the foregoing data reveals that out of 62 pollen 
mother cells 12 contained from 1 to 4 quadrivalent chromosomes 
and 38 had 13 bivalent and 13 univalent chromosomes. The re¬ 
maining 12 pollen mother cells displayed a decrease in the amount 
of pairing. As in the case of Gossypium hirsutum X armourianum^ 
where pairing is somewhat variable, when the maximum number of 
bivalents are present several of them exhibit comparatively poor or 
imperfect unions. Since the number of bivalents exhibiting im¬ 
perfect unions decreases as the number of univalents increases, there 
can be little doubt that such unions are occasionally ineffectual. 
Figure 12 depicts a first metaphase having 2 quadrivalent, 9 bivalent, 
and 13 univalent chromosomes. 

The remaining characteristics in meiosis resemble those displayed 
by Gossypium hirsutum X armourianum. However, in this natural 
hybrid, among the highly abnormal sporads, diads are fairly common. 

27052—36-2 
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DISCUSSION 

INCOMPATIBILITY BETWEEN SPECIES OF GOSSYPIUM 

The degree of compatibility between different species is coiri- 
iiionly supposed to correspond with, their nearness of relationship^ as 
indicted hj their degree of morphological similarity. In Gossyinum 
it is evident that such a supposition is not alw^ays true. Interspecific 
hybrids within the cultivated American group of cottons are easily 
obtained, while those betw^een species witliin the Asiatic group are 
fairly difiScult to obtain. Although the Asiatic and cultivated 
xlmerican species are not very dissimilar morphologically, hybrids 
between them are ver}^ difficult to obtain. On the other hand, 
G. sturtii, which is morphologically one of the most distinct species, 
readily hybridizes with species of all other groups of Gossypium. 



Figure 12.—A natural hybrid between an Asiatic and a cultivated American cotton. Profile view of first 
metaphase in a slightly crushed pollen mother cell, showing 2 quadrivalent, 9 bivalent, and 13 univalent 
ehromosoines. Two of the univalent chromosomes are in process of fragmentation. 


The wild American cottons, although less dissimilar to the cultivated 
cottons than is G. sturtii^ do not hybridize wdth them as freely as does 

G. sturtii, 

NONVIABILITY OF THE GAMETES AND THE ZYGOTE IN INTERSPECIFIC HYBRIDS 

In interspecific Gossypium hybrids the relationship of the parental 
species, as indicated by morphological characters, and the normality 
of the heterotypic division are usually correlated. In turn, the 
degree of fertility is correlated wdth the amount of chromosome 
pairing. It is logical to suppose that sterility in Gossypium hybrids 
is due to the production of nonviable gametes. In such hybrids as 
G. sturtii X harkmssiij Thurheria thespesioides X G, sturtii, and G. 
harhadense X sturtii the parental species are distantly related and the 
hybrids are completely sterile. In these hybrids there is little or no 
chromosome pairing diimg the heterotypic division. The chromo¬ 
somes are irregularly distributed to daughter nuclei and some are 



Dec. 15,1935 


InUfSfecijic Hybridization in Gossypium 


1065 


left in the plasma. On the other hand, the cultivated American 
species and the wild American species are presumably more closely 
related than the species involved in the hybrids with {?. sturtii. In 
G. barbadense X harknessii and G, hirsutum X armourianum this 
supposition of relationship is borne out by distinct chromosome pair¬ 
ing. Although one would expect a greater production of viable 
gametes in the latter hybrids, the plants are completely sterile. The 
expectation is approached only in the formation of seedless capsules. 

Interspecific hybrids within the cultivated American group of 
cottons exhibit complete chromosome pairing and are highly fertile. 
Likewise, the hybrid Gossypium herbaceum X arboreum var. neglectum^ 
between species of the Asiatic group, exhibits complete chromosome 
pairing and is highly fertUe. However, the amount of chromosome 
pairing in the inter-Asiatic hybrid (?. arboreum var. sanguineum X 
africanum is slightly reduced and the fertility is correspondingly less. 

Apparently, in crosses involving Tkurheria ihespesioides, a near 
rcla,tive if not actually a member of the genus Gossypium^ there is a 
high degree of zygote mortality. Harland and Atteck {11) found 
that crosses between 0. stocksii (a wild Asiatic species with ?i=13) 
and Thurberia were quite easily made, but that the hybrid seedlings 
were weak and died after 2 or 3 leaves were formed. The same 
authors found a similar condition in crosses between G, davidsonii 
and Thurberia. ^ However, by using as pistillate parents 2 complex 
American hybrids, these authors obtained 8 healthy hybrids; and 
no mention is made of weak plants or of mortality. In the writer’s 
experiments 10 percent of the cross-pollinations between Thurberia 
and G. sturtii produced good capsules. Approximately 50 percent of 
the hybrid seeds germinated and 66 percent of the seedlings grew to be 
healthy plants. Likewise, seedlings of hybrids between G. hirsutum 
and Thurberia are easily obtained, but they are extremely weak and 
die during early stages of development. 

INHERITANCE IN INTERSPECIFIC HYBRIDS 

In Gossypium there are relatively few reported cases of mono¬ 
hybrid segregation. Kearney (14) expresses the belief that this is 
partly due to the fact that most investigators have considered mainly 
characters of economic importance, such as size of the boUs and 
length and abundance of the lint, which are conditioned by several 
factors. Another reason, suggested by Harland, is that genetic 
analyses have dealt largely with interspecific rather than intraspecific 
hybrids. Harland (8, 9) found that several characters which exhibited 
alternative inheritance in intraspecific hybrids exhibited a ^^quanti¬ 
tative” type of inheritance in interspecific hybrids. He attributes 
the latter behavior to modifying factors, winch have the effect of 
obscuring the segregation of characters. 

Very little is known regarding the inheritance of the characters in 
the interspecific hybrids under discussion. Since back-crossed or 
selfed generations have not been grown, genetical analyses are wanting. 
However, several characters show a tendency to dominance in these 
hybrids between species. In color, the dark-red plant body in Gos¬ 
sypium arboreum var. sanguineum and G. schottii dominates the green 
plant body of other species. Likewise, the pinwheel appearance of 
the corolla spots in G. sturtii appears to*doininate'_the'type of corolla 
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spots cliaracteristic of other species. The narrowly lohed leaf of 
Tkurheria partially dominates the entire leaf of (?. sturtii. To a 
lesser degree the lobed leaf of G. hirsutum dominates the entire leaf 
of G. armoiirianum. The presence of a petal spot in G. shirtii, G. 
barbadense, and G, armourianum tends to be dominant over absence 
of petal spot in other species. Similarly, colored pollen is partially 
dominant over uncolored pollen. 

Interspecific Gossypium hybrids derived from species having the 
same number of chromosomes nsnally exhibit an intermediate expres¬ 
sion of most of the contrasting characters of the parents. Such a 
condition is probably due to the lack of dominance or to an equal 
number of dominant factors being contributed by each parent. On 
the other hand, hybrids between species having, respectively, 13 and 
26 as the haploid number of chromosomes resemble the parent having 
26 haploid chromosomes. This is probably due to the transmission 
of a greater number of dominant factors along with the larger number 
of clmomosomes. Except for the shape of the young parthenocarpic 
bolls in El of G. barbadense X harknessii, the barbadense parent appears 
to dominate harknessii. The decided resemblance of this hybrid to 
G. barbadense may be due to (1) the transmission from the barbadense 
parent of a greater number of dominant factors along with the larger 
number of chromosomes or (2) close genetic similarity of the harknessii 
chromosomes to 13 of the barbadense chromosomes (25). In the 
latter case, the harknessii chromosomes are sufficiently homologous 
to certain barbadense chromosomes to be combined with them with¬ 
out disturbing the barbadense-like nature of the hybrid. 

PHYLOGENETIC CONCEPTIONS 

(rates (7) has recently reviewed the literature bearitig upcm the 
origin of species in the genus Gossypium. He points out that both 
Davie and Skovsted have suggested that the species with 13 pairs of 
chromosomes are modified teiraploids. Gates also calls attention io 
the fact that the best evidence in support of this suggestion is found 
in the observations by Davie of secondary chromosome association 
in 6r. herhaceum. Neither Webber {27) nor Skovsted {2S) have found 
secondary association witliin the Asiatic species. That there are no 
homologous chromosomes in the haploid sets of Thurberia thespesioides 
and G. sturtii is shown by the lack of chromosome pairing in hj^brids 
bet'ween these two species. On the other hand, the slight amount of 
pairing in the hybrids between (?. stwrtii and the wild American species 
may indicate that certain chromosomes within the haploid set of the 
w^ild American species and of G. sturtii are homologous. In tliis case, 
however, it remains to be determined wiiether the pairing is witliin the 
wild American haploid set of chromosomes or betw^een chromosomes 
of the parental species. 

Skovsted { 24 ) and Davie (3) have also suggested that the cultivated 
American cottons are allotetraploids. Skovsted concluded that their 
origin may be ascribed to the doubling of the chromosomes in a hybrid 
betw^een an Asiatic and a wild American species. That the chromo¬ 
somes ofithe wild American and of the Asiatic species are homologous 
to 13 of the chromosomes in the cultivated American cottons is 
indicated by the occurrence of 13 pairs of chromosomes in the hybrids 
Gossypium hirsutum X armowianumj G. barbadense X harknessii 
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and the natural hybrid between an Asiatic and a cultivated American 
species. The fact that G, barbadense X sturtii rarely exhibits chromo¬ 
some pairing and never shows a high degree of conjugation indicates 
that the pairing which occurs in the Fi of the hybrids G. hirmtum X 
arjnourianurn, G. barbadense X harknessii, and of the natural hybrid 
between an Asiatic and a cultivated American species is between the 
chromosomes of the species involved in the hybrids rather than be¬ 
tween chi'omosomes within the cultivated American species. Before 
Skovsted's suggestion can be accepted, it remams to be proved that 
the chromosomes of the Asiatic and the wild American species are 
nonhomologous. 

Davie beheyes that the occurrence of several well-isolated whd 
ximerican species characterized by 13 pairs of chromosomes indicates 
that the American species with 26 pairs probably arose through 
chromosome doubhng in crosses between different wild Araerican 
species. It was shown in the preceding paragraph that the chromo¬ 
somes of Gossypium harknessii and G, armourianu7n are homologous 
to 13 of those of the cultivated American species. That this homology 
is between the same set of chromosomes in eitlier G, kirsutmn or G. 
barbadense is indicated by the fact that complete chromosome pairing 
occurs in Fi of both G. hirsutum X barbadense and G, harknessii >( 
armourianum. 

Among the wild American species that may be involved in the origin 
of cultivated American cottons is Thurberia thespesioides. The writer 
finds that the somatic chromosomes of this species are slightly larger 
than those of the other wild American species. Skovsted {^4) reports 
that the chromosomes of the cultivated American cottons may be 
equally di\dded into a larger and a smaller group. The differences 
of chromosome dimensions in cotton are very slight, however, and the 
writer ^s observations indicate a gradation in size of the chromosomes 
of the cultivated American species rather than a sharp segregation of 
large and small ones. 

In the cultivated American species Webber (27) found that dming 
meiosis quadrivalent chromosomes are occasionally formed. If the 
assumption that these species were derived from a cross between two 
modified tetraploids is correct, then such quadrivalent formation is 
easily explained upon the basis of chromosome homologies known to 
exist in similar modified octoploids. Such an explanation would also 
account for the occasional formation of quadrivalents in (1) hybrids 
between the species of the cultivated American group of cottons, (2) 
hybrids between the latter species and the wild American species, 
and (3) the natural hybrid between an Asiatic and a cultivated 
American species. 

In the natural hybrid betw^een an Asiatic and a cultivated American 
species, the composition of the pollen mother cells exliibiting quadriva¬ 
lent chromosomes was foxmd to be liv+llii+I3i, 2iv-h9ri+13i, 
3iy“|~7iid“ I3i, or 4:iy'~|“6iiT'lli» Except in the last class, the quadriva¬ 
lent group is foUo'wed by a decrease of 2 in the bivalent group, and in 
these three classes the number of univalents remams constant. 
Hence, it seems logical to assume that the quadrivalents are composed 
of chromosomes that generally form bivalents. If such an assump¬ 
tion is correct, then one of the bivalent chromosomes in the excep¬ 
tional class just mentioned must be composed of chromosomes that 
generally form univalents. 
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SUMMARY AND CONCLUSIONS 

In Gossy'pvum, cross-pollinations made in the morning arc more 
siiccessfurtlian tlioso made in the afternoon. Those made in the 
late summer are more snccessful than those made in early summer. 
By removing the enthe corolla and androecium during emasculation, 
rather than the anthers only, the percentage of successful cross¬ 
pollinations is greatly increased. 

The correlation of the degree of compatibUity between different 
species with their morphological similarity is often very limited. 
It is often less difllcult to obtain hybrids between species of different 
taxonomic groups than between species of the same taxonomic group. 

Hybrids between and within the following five morphologically 
distinct groups of Oossypium are described: (1) Cultivated American 
species (?i=26); (2) wild American species (^==13); (3) cultivated 
Asiatic species (n=13); (4) a wild Australian species, G. sturtii (n= 13); 
and (5) Thvrberia ihespesioides (u=13) a wild American plant, possibly 
congeneric with Gossypimn. 

Usually, in interspecific Gossypium hybrids the morphological 
similarity of the parental species and the normality of the hetero¬ 
typic divisions are correlated. Also, the degree of fertility is cor¬ 
related with the amount of chromosome pairing. 

Certain characters show a tendency to dominance in interspecific 
hybrids of Gossypium, Other characters are expressed in a more or 
less intermediate degree. 

Interspecific hybrids within the same group exhibit normal meiotic 
behavior. Hybrids between species having 26 pairs of chromosomes, 
like their parents, occasionally form quadrivalent chromosomes. 
Although hybrids between cultivated American and wild American 
species generally form 13 bivalent and 13 univalent chromosomes, 
tliey also occasionally form quadrivalent chromosomes. The latter 
behavior is also characteristic of a natural hybrid between an Asiatic 
and a cultivated American cotton. Gossypium barbadense X sturtii 
usually exhibits no chromosome pairing, but occasionally as many as 
4 bivalent chromosomes have been observed. Hybrids between wild 
American species and G, sturtii likewise exhibit variable pairing. In 
the latter case, however, pairing is more frequent. Hybrids between 
Thurberia ihespesioides and G, sturtii exhibit no chromosome pairing. 

The occurrence of limited chromosome pairing in hybrids between 
wild American species and Gossypium sturtii and the formation of 
quadrivalents in hybrids between cultivated American and \vild 
American species, and in a natural hybrid between an Asiatic and 
a cultivated American cotton, seem to support the hypothesis that 
the species having 13 pairs of chromosomes are modified tetraploids. 
If such is the case, then the lack of pahing in Thurberia thespesioides X 
G, sturtii must indicate that the chromosomes within the haploid sets 
of tiliese two species have differentiated genetically to such an extent 
that pairing within either haploid set is impossible. 

The formation of 13 bivalent chromosomes in hybrids betweeii 
cultivated Ammcan and wild American species and in a natural 
hybrid betw’een an Asiatic and a cultivated American cotton and the 
very limited pairing in Gossypium barbadense X sturtii support the 
hypothesis that the species Iming 26 pairs are aUotetraploids. Such 
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iin origin possibly involved species or close allies of some two of tiie 
following groups: Wild American species of Gcmypiwm, Thvrberia 
hespesioideSj and Asiatic species of Gossypimn, 
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OCCURRENCE OF SELENIUM IN NATURAL PHOSPHATES, 
SUPERPHOSPHATES, AND PHOSPHORIC ACID ^ 

By Leavis F. Rader, Jr., ju7iior chemist, and W. L. Hill, assistmit chemist, 

Fertilizer Research^ Division, Bureau of Chemistry and Boils, United States 

Department of Agriculture 2 

INTRODUCTION 

The occurrence, origin, and distribution of selenium in sods, its 
absorption by plants, and the toxicity of the plants to animals have 
been discussed in several recent papers (3, 7, 8, 9, IS, 18).^ 

With regard to the limits in the quantities of selenium that may 
be present in soil and vegetation without injury to animals, Byers 
(3, p. 44) states: 

In general it would appear that any soil containing upwards of 0.5 p. p. m. of 
selenium, and any vegetation containing 5 p. p. m. is potentially dangerous. 

More than a decade ago Stoklasa (22) pointed out that the selenium 
content of soil may be greatly increased through heavy fertilization 
with superphosphate and ammonium sulphate. That the quantities 
of selenium occurring in fertilizers and soil amendments is sufficient 
to alter the amount the plant would otherwise absorb from the soil 
appears possible, when due consideration is given to the fact that these 
agents are applied to the layers of soil most readily accessible to the 
roots of the plant during its growing period, and often, particularly in 
the case of fertilizers, in relatively large quantities very near the root 
system. For example, let it be supposed that a fertilizer containing 
50 p, p. m. of selenium is applied to the soil at the rate of 1,000 pounds 
per acre within 3 inches of the plant rows which are 3 feet apart. 
Then, assuming the customary figure, 2,000,000 pounds of topsoil to 
a depth of 6 inches per acre, the increase in the selenium concentra¬ 
tion of the entire soil layer would be 0.025 p. p. m., and the increase 
in the concentration in a 6-inch layer of topsoil extending 3 inches on 
either side of the row, if all'the selenium were retained therein, 'would 
be a^bout 0.15 p. p. m. LTnder certain conditions the latter figure may 
represent a significant increase in the selenium content of the soil.^ 

Results are given in tiiis paper for selenium in 96 representative 
samples of phosphate rock and 3 samples of apatite from various 
deposits of the world, 8 typical samples of domestic superphosphate, 
and 4 samples of crude phosphoric acid manufactured by the sul¬ 
phuric acid pmcess. The results for selenium in natural phosphates 
reported herein represent an extension of the studies of this Bureau on 
the composition of phosphate rock {11, 16). 

PROCEDURE AND REAGENTS USED 

The procedure used in the determination of selenium \vas substan¬ 
tially the same as that developed by Robinson, Dudley, Williams, 
and Byers {19) for selenium in soil and in sulphide-bearing rocks 

1 Received for publication Sept. 27,1935; issued February 1936. v 

2 The authors are indebted to X. I). Jacob, who suggested the investigation and rendered valuable aid 
during the course of the work, and to H. G. Byers and K. T. Williams, Bivision of Soil Chemistry and 
Physics, Bureau of Chemistry and Soils, for helpful suggestions in the application of the analytiod 
methods. 

8 Reference is made by number (italic) to Literature Cited, p. 1082. 
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and loinerals, according to which the selenium is separated and 
concentrated by distillation with hydrobromic acid in the presence 
of bromine and is determined in the distillate by gravimetric methods, 
or by a colorimetric procedure when the absolute amount of selenium 
is less that 0.5 mg. Three distillation procedures are described for 
inorganic materials: (1) Dmect distillation of the sample, applicable 
to soil and nonpyritiferoiis rocks and minerals; (2) distillation after 
the sample has been pretreated with nitric acid to destroy sulphides, 
and finally with concentrated sulphuric acid to eliminate the nitrate 
radical which otherwise would decompose the hydrobromic acid in 
the subsequent distillation, applicable to materials contaming pyrite 
and other sulpirides; and (3) integrated distillation, a method of con¬ 
centration in which the distillate from one portion of the sample is 
added in the distillation of a fresh portion and so on, which is es- 
peeialh^ adapted to the determination of traces of selenium. 

Pliosphate rock presents some difficulties in the application of 
these methods. As a result of the presence of considerable quantities 
of Jluorine and silica, relatively large quantities of gelatinous silica 
are rapidly deposited in the condenser during the early stages of 
distillation, and when more than about 10 g of the samples are used, 
the condenser often becomes clogged. Furthermore, the amount of 
gelatinous silica that separates in the distillate when large samples 
are used is sufficient seriously to retard subsequent filtration. These 
difficulties are intensified in the integrated distillation. For a cal¬ 
cium-rich material like phosphate rock, sulphuric acid is not 
satisfactory for the expulsion of the nitrate radical following the 
preliminary treatment of pyritiferous samples, because the relatively 
insoluble calcium sulphate causes serious bumping during subsequent 
distillation. Phosphoric acid is recommended for this purpose. 

Selenium can be removed from dry soil by distillation with hydro¬ 
bromic acid with a specific gravity as lo^w as 1.2.^ Accordingly, acid 
sufficiently concentrated for use in the distillation can be readily 
recovered by redistilling the filtrates and solutions from the estima¬ 
tion of the selenium. The specific gravity of the recovered acid 
used by the writers ranged between 1.35 and 1.40. When 10 g of 
100-mesh pyrite-free rock was distilled with 100 ml of acid of this 
strength, all the selenium passed into the first 50 ml of the distillate. 
In samples that carried only small amounts of acid-insoluble sul¬ 
phides, selenium was detected in the second 50 ml of the distillate 
but not thereafter. In view’ of these findings the volume of distillate 
collected wms 75 to 150 ml, depending on the character of the sample. 
It should be mentioned that the dfeculties with the separation of 
gelatinous silica are less marked when the more dilute acid is used. 

Bromine often contains impurities capable of imparting to the 
distillate a color wiiicli, since it persists after the solution is reduced 
with sulphur dioxide, interferes in the colorimetric comparison. The 
interfering substance can be eliminated by dissolving the bromine in 
hydrobromic acid, filtering oft* the flocculent precipitate,^ and dis¬ 
tilling the filtered solution. 

< Bters, H. Gr. Prirate commuiiimtion. 

The nearly white, waxy sobstance (0.232 g of air-drie<I material) obtained by adding 30 ml of bromine 
to aX) ml of water-white hydrobromic acid (48 percent), allowing the mixture to stand an hour, filtering, 
and washing the precipitate with cold water, was soluble in alcohol and ether. Somewhat more than one- 
half of the substance melted at 130° to 140° C.; the remainder did not melt at 160° C. When it was subjected 
to steam distillation about two-thirds of the wax passed over with the steam. 
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In order to compare the performance of the three distillation 
methods mentioned, these procedures were used to determine the 
selenium in several typical phosphate rocks. The results (table 1) 
indicate that, even though the rock contains relatively large quanti¬ 
ties of organic matter, pretreatment of the sample is not necessary, 
unless acid-insoluble sulphides are present and then only when the 
highest accuracy is desired. Unless it is stated othervdse, the results 
for selenium reported in this paper were obtained by distilling the 
samples without pretreatment. 

Table 1. —Selenium in typical phosphate rocks as determined hy three different 

distillation procedures 


Sam¬ 

ple 

no. 

Type or source of phosphate 

FeSa 

Organic 

carbon 

Seleniur 

DistUlin 

sam 

Un¬ 

treated 

a determin 

g 10 g of 
iple 

Pre¬ 

treated 

ed by— 

Inte¬ 
grated 
distilla¬ 
tion of 
un¬ 
treated 
sample! 



Percent 

Percent 

P. p. m. ^ 

P. p. m. 

P. p. TO. 

973 

Idaho. 

0.00 

2.34 

28 

28 

(2) 

948 

Wyoming.... 

.97 

3.47 

48 

48 


449 

Tennessee blue rock. 

2.39 1 

C) 

^.8 

1.0 

(2) 

930 

.do. 

3.90 

.20 

2.0 

3.0 

(2) 

1139 

South Carolina land rock. 

.36 

(2) 

14 

16 

(2) 

912 

Florida land pebble... 

.00 

.38 

5.8 

(2) 

0.8 

908 

Tennessee brown rock. 

.00 

.11 

3.8 

(2) 

<.l 

916 

Tennessee phosphatic limestone. 

.73 

(2) 

3.8 

(2) 

<.l 

917 


1.89 

(2) 

3.8 

(2) 

.2 


UOO g of the sample was distilled in 10-g portions. 
Not determined. 


Under the conditions prescribed {19) for the colorimetric estimation, 
the threshold sensitivity of the method is about 0.008 mg of selenium. 
For 10 g of sample this figure corresponds to 0.8 p. p. m., and accord¬ 
ingly the results are reported as ^0.8 p. p. m. in those cases where the 
coloration was barely perceptible and as <(0.8 where no color was 
noted. When 100 g of the sample are used (integrated distillation) 
the detectable concentration of selenium is thereby reduced to "approx¬ 
imately 0.1 p, p. m. 

SELENIUM IN NATURAL PHOSPHATES 

Kesults for selenium in domestic and foreign phosphates are given 
in tables 2 and 3, respectively. All the samples from Florida, Tennes¬ 
see (except Tennessee blue rock), Kentucky, Arkansas, Oklahoma, 
and Australia, the light-colored phosphates from the western part of 
the United States, and the apatites from Virginia and Canada con¬ 
tained 1 p. p. m, or less of selenium. The results for the dark-colored 
phosphates of the western part of the United States andUatiada, the 
majority of the Tennessee blue-rock and South Carolina sanlples, and 
the African and Palestinian phosphates ranged between 1 and" 55 
p. p. m, A few of the samples from European and insular deposits 
contained as much as 1 to 2 p. p. m. of selenium. 
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Table 2. —Selenium content of domestic phosphates 
J'LORIDA PHOSPHATES 


Sam¬ 

ple 

no. 

Type of phosphate 

Location of deposit 

P 2 O 5 

Se 




Percent 

P. p. m. 

QIO 


Mulberry_ ____ 

31.09 

c'n 8 

947 


Brewster._ _ 

31. 28 

^ 8 

790 

dn. _ _ __ 

Not known..... 

31.40 

<.8 

912 

do___ 

Alulberry_ ___ 

35.37 


771 

Hard rnok 

Not known_ __ _ 

31.25 

<. 8 

589 

do_-__ 

Floral City____ 

34.68 

<•8 

932 

dn_ __-_ 

Dunnellon..... 

35.99 

<.8 

1091 

Soft . .. 

Bartow___... .. 

25.47 

^.8 

728 

. do. 

Juliette___ 

31.80 

^'s 

915 

Waste pond__ ... 

Bunnellon..... 

23.63 

<.8 






SOUTH CAROLINA PHOSPHATES 


Not known . ____ 

Not known..... 

16.07 

<0.8 
2 16.0 
8.5 

Land rock. . ... 

Bulow mines, Johns Island.. 

26. 92 

..do__-.. , __ 

Lamb’s mine, near Charleston. 

27.85 

, . (io. ... _ . .....j 

Not known____ 

28.86 1 

5.U 

1 .... 



TEN N ESSEE PHOSPHA'i’ES 


- 56 

Brown ruck.... .. 

Not known__ . . . _ 

31.28 i 

<0.8 
<. 8 

iR)6 


Wales... 

34.39 1 

908 

_do.-.... 

Mountpleasant-. 

3L44 ^ 

J <, 1 

772 

Blue rock...- 

Gloverl. ' 

30.45 

^.8 
23 0 

930 

do.... 

Gordonsburg-. 

30.97 

448 

do_-.- 

Glover_7... 

32.03 

2 5 

449 

. do.— 

Gordonsburg—... ' 

32.03 

2 1.0 

c. 8 
<-8 
<.8 
J<.1 
L 2 

1049 

Elidney phosphate.— 

Boma__-.i 

31.22 

1048 

1031 

White rock 

Tomscreek. _ ^ 

30.20 

35.80 

do. _ __ 

Godwin... 

916 

Phosphatic limestone.- __ 

Mountpleasant... 

11.22 

11.68 

917 

dn. _ -.. 

Gordonsburg-... 




WESTERN PHOSPHATES 


550 

Light colored___ 

Idaho, Paris.. 

32.21 

<0.8 
1.0 
<.8 
X 

1412 


.do. 

35.39 

lOil 

1018 


Montana, Garrison___ 

27.63 

„ do... 

.. -.do.-.. 

29.11 

1019 

. do__ 

.do..-.-. 

31.47 

<r. 8 

1017 


.d<».-...-. 

34.92 


1012 

..do.- 

.do.... 

36.07 

< 8 

1252 

. do___ 

.do... 

36.38 

<.8 
1 0 

1010 

_do.—. 

.do. 

37.47 

1407 


_do......... 

37.93 

<.8 

50 

1411 

489 

Dark colored... 

Idaho. Georgetown__ 

30.29 

. ..do_ 

.do....... 

31.97 

6.0 

9r3 

do . 

1 Idaho. Conda..-. 

31.97 

2 28 

1253 

454 

do. _ _ ... _ 


32,13 

8.0 

.. . do. 


32.24 j 

40 

14C» 

do—__ 

i_do____ 

32.26 

23 

494 

. ..do.. 

! Idaho, Georgetovrn.. 

34.96 

8.0 


do—__ 

I Montana, MaxTille___ 

24.95 

6.0 

1410 

_do._.—. 

' Utab, Devils Slide...^ 

11.90 

38 

1409 

. do___ 

1 Utah, Logan.,,...* 

31.50 

10 

467 

__do.-... 

1 Wyoming, Cokeville.....^ 

26.60 

35 

469 

. . do... . 

-.-.'.do...-.1 

29.75 

i 50 

4fS8 

_do... 

1 .do. 

29.79 

55 

948 

_ .... 

L. . do _ _ _ . _ 1 

30.19 

Mg 

1 ! 


OTHER PHOSPHATES 


1 

Arkansas. Independence County_ 

3L9S 

Brown rock___ 

Kentucky, Wallace___ 

21.19 


Oklahoma, Cotton Countv.. 

24.31 



39.58 

1 Apatite.-. 

Virginia, Amherst Countv_j 



1 Rffiult obtained by integrated distillation. 

2 Result obtained by distillation of pretreated saniple- 

3 National Bureau of Standards sample no. 56. 
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Table 3. — Selemu7n content of foreign phosphates 
AFRICAN PHOSPHATES 


Sam¬ 

ple 

DO. 

Location of deposit 

P 2 O 5 

Se 

Sam¬ 

ple 

no. 

Location of deposit 

P 2 O 5 

Se 

560 

551 

Algeria, Dyr.... 

Per¬ 
cent 
23. 39 

P. p. 
TO. 
18.0 

453 

Morocco__ 

Per¬ 

cent 

33.47 

P- P. 
m. 
5.0 
1. 5 

Algeria, Tebessa—.. 

26.10 

2.5 

563 

_do_. i 

34.30 

558 

Algeria, Rebiba. 

26. 84 

3.0 

1162 

_do.. 

35.11 

1.0 

562 

557 

559 

Algeria, M’Zaita_ 

28. 59 

7.5 

552 

Tunis, Gafsa 

26.91 

18.0 
30.0 
3. 5 

Algeria, Toeciueville_ 

29.38 

18.0 

556 

Tunis, Xalaa-Djerda 

27.55 

Algeria, Bordj-Redir... 

32.34 

55,0 

561 

Tunis, M’Dilla-- 

28.66 

555 

Egypt, Kosseir_ 

30.60 

1.0 

553 

Tunis, Gafsa.. . . ! 

29.13 

1.0 


1 


EUROPEAN AND ASIAN PHOSPHATES 


1226 

Belgium, Liege_ 

IS. 13 

<0.8 

1263 

1 

U. S. S. R., Saratov. 

IS. 40 

<0.8 

1155 

Estonia, Tallinn_ 

25.68 

<•8 

1266 

U. S. S. R., Egoriev.. 

19. 

1.5 

1228 

1240 


22.02 

1.5 

1264 

do 

22.37 

1 0 


24. 66 

<.8 

2.0 

1262 

17. S. S. R., Vyatka.. 

27. SS 

^.S 

1241 

France, Pyrenees Mountains. 

26.87 

U260 

U. S. S. R., Kola Peninsula.. 

1 39.08 

<’.8 

1239 

France, Quercy_ 

34. 74 

1.0 

1258 

Palestine, Neby Musa. 

8.14 

1.5 

1151 

Portugal, MarvTio.. 

27.14 

<•8 

<.8 

1255 

do 

16.60 

LO 

1152 

U. S. S. R,, Volga River region. 

13.40 

1256 

.do... 

17.50 

1.5 

1265 

XT. S. S. R., Aktyubinsk, Si- : 
beria.. 

1 

17.42 

<.8 

1257 

.do... 

20,40 

15.0 


INSULAR PHOSPHATES 


Angaur Island.. 

40.00 

<0.8 

943 

Curacao Island... 

1 

40.66 

Christmas Island... 

39.46 

<-8 

1159 1 

Makatea Island.. 

38.22 

Grand Connetable Island.... 

54.51 

2.0 

450 1 

Nauru Island.. 

38.92 

Curacao Island. 

38.59 

1.5 

451 i 

Ocean Island.. 

40.32 


OTHER PHOSPHATES 


1157 

South Australia, Kapunda— 

30.18 

<'0.8 

<582 

Canada, British (V)lumbia... 

24.11 

1158 

South Australia, Port Clintou. 

33.53 

8 

«9or) 

Canada, Quebec Province — 

40.30 


’ Apatite. 

* A dark-colored phosphaio from (Vow’s Nest Pa‘?.s. 


SELENIUM-BEARING CONSTITUENTS 

In general, selenium is found in nature associated uitli sulphur, 
particulaiij the sulphides (4 7 5, 17) and in a number of rare selenide 
minerals analagous to the sulphides (17, 693-696). Byers (3) 

concluded that the selenium in soils came from sulphide minerals in 
the soil parent materials. Since selenium under certain conditions 
is absorbed by growing plants and is associated with the protein {18), 
organic matter originating from vegetation may be regarded as a 
potential source of selenium in sedimentary rocks. If the organic 
matter represents the remains of plant life that grew on seleniferous 
soil under climatic conditions favorable to selenium absorption, it 
may easily be the principal carrier of selenium. 

In view of the foregoing some relationship may be expected to exist 
between the selenium content of phosphate rock and the quantities 
of sulphide sulphur, organic carbon, and nitrogen present. According 
to the comparative data (table 4), larger amounts of selenium occur 
in pyritiferous than in pyrite-free samples from the sanae region, and 
as a rule rocks containing the greater amounts of organic matter also 
carry the larger quantities of selenium. The latter relationship is 
best shown by the Permian phosphates of the western part of the 
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United States, and at least in the case of these phosphates it may be 
regarded as evidence that the organic matter is seleniferoiis. The 
nitrogen figures show somewhat less correlation with the selenium 
results than do the figures for organic carbon. The sample of Ten¬ 
nessee kidney phosphate is a notable exception to these general 
relationsliips. 

Table 4.- —Comparative results for selenium^ organic carbon, nitrogen, and pyritic 
sulphur in phosphate rock 


Source or type of phosphate 

Organic 

carbon 

Se 

N 

FeSs 

Western part of the United States: ; 

Dark-colored pvritiferous rock.... 

Percent 

1 3,90 

P. p. m. 

1 30.0 

P. 7). m. 

1,100 

2 1,000 
80 

Percent 

21.92 

Dark-colored pyrite-free rock..... 

1 2.60 

113.0 

.0 

I Jght-colored rock,, ____^ 

1.16 

K.9 

^.8 

.0 

Tennessee kidnev phosphate_____ 

1.46 

2,6(X) 
470 

1,5 

Tunis, Gafsa________ 

.86 1 
.51 ! 

18.0 

.0 

Smith Carolina__-_____■ 

8.5 

510 

.3 

Florida ^.. 

,31 1 

<.8 

170 

.0 

CJrand Connctable Island___ 

.28 1 
.28 ' 

2.0 i 

490 

.0 

3.0 

Tennessee blue rock_______ 

^lA 1 
1.5 1 

280 

Curasao Island....... 

.17 

m i 

.0 

Morocco.—.—.. 

.17 

1.0 I 

180 ! 

.0 

q'enoessee brown rock and Tennessee white rock.. 

. 16 

<.8 

160 

(s) 



1 Average of results for 3 or more samples. 

2 Average of Faults for 2 samples. 

s The 1 pyritlferous brown rock, National Bureau of Standards standard sample no. 56, contained 
sulphide equivalent to 0.89 percent of FeS 2 . 

Eesults for organic carbon and selenium in mechanical separates 
of ground phosphate rock are given in table 5. The correlation be¬ 
tween the results for selenium and organic carbon is probably as close 
as could be expected, particularly in the sample of Wyoming phos¬ 
phate, In the Idaho sample the results indicate considerable loss of 
selenium occasioned by suspension of the material in water incident 
to mechanical separation into fractions. 

T^BLK 5, — of among merhnuical .^rpamfr.^ of groutnl phosphate 

rock 


Mechanical fraction ^ 

biaho phosphate no. 973 

Wyoming phosphate no. 948 

Fraction 
of origi¬ 
nal ma¬ 
terial 

Organic 

carbon 

Se 

Fraction 
of origi¬ 
nal ma¬ 
terial 

Organic 

carbon 

Se 

FeSs 

“Sand”'-—.* 

“Silt”. 1 

“Clay”. j 

Solution loss----_ i 

Percent 
26.0 
45.5 1 
27.9 

.6 

100.0 

Percent 

2.22 
2.03 
3.03 

P. p. m. 
33 
20 
18 
25 
28 

Percent 
49.8 
43.6 i 
6.6 
.0 ! 
100.0 

Percent 
2,96 
4.25 
8.29 j 

P. p. m. 
36 
56 
64 
22 
48 

Percent 

0.62 

1.17 

.42 

Original material. j 

1 2.34 

3.47 

.97 


i The mechanical fractions of these phosphates were prepared by Alexander and Jacob {!) from material 
grountf to pass a lOd-mesh sieve. 

5 Calculated. 


PRIMARY AND SECONDARY DEPOSITS 

Following Blackwelder’s division (2) of the world^s phosphate 
deposits into six genetic varieties, comprised in two broad groups 
(primary and secondary deposits), Mansfield (Id, p. 362) has partially 
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classified a number of the deposits. Accordingly, as far as possible 
the results for selenium in phosphate are summarized under the two 
general groups in table 6. 

Table 6. —Selenium content of phosphate rockn from prinianj and avcotnjanj 

deposits 


Type of deposits and location 

Samples 

analyzed 

Selenium 

Bange 

Average 

Primary: 

Nu mber 

P. p. m. 

P. p. m. 

Western part of the United States and Canada.... 

25 

<0.3-55 

<10.7 

Algeria, Tunis, and Egypt_ . 

11 

1.0-5.5 

14.3 

Tennessee (blue rock) and Arkansas,..... 

5 

<. S-3.0 

<1.0 

Average____ _ . 



<10, 9 

Secondary: 




South Carolina......... 

4 

<.s-in 

Cl. 0 

France___ 

4 


<!.;} 

Islands_____ 

K 

<';s-2 0! 

• "i. 1 

Florida__ 

10 


H 

Tennessee and Kentucky (brown rock and white rock). 

0 

<.K ’ 

C. 0 

South Australia ..... . 

2 

1 <. K 

<,8 

Average.... . 



<2. 0 


i 



Byers^ conclusion (3) that selenium is leached from soil by perco¬ 
lating waters, which is supported by the presence of considerable 
amounts of this element in drainage water (table 8), and the fact that 
a considerable part of the selenium in one phosphate rock (table 5) was 
removed when the material was treated with water incident to 
mechanical analysis, afford good reasons to expect primary deposits, 
having: been protected from the action of water, to carry larger 
quantities of selenium than secondary deposits. Considering tlie 
average figures for the groups (table 6), the primary deposits show 
about five times as much selenium as the secondary deposits, and the 
expectation is, in general, thus confirmed. It sho^d be pointed out, 
however, that this criterion fails when if is applied to certain indi¬ 
vidual deposits. For example, South Carolina phovsphate, a second¬ 
ary deposit, carries about fivefold as much selenium as does Tennes¬ 
see blue rock, a primaiw deposit. In this connection special interest 
attaches to the experimental finding (9) that the absorption and 
retention of added selenium is much more pronounced in some soils 
than in others, and to the suggestion that this difference in the 
behavior of the selenium might be due to the difference in the com¬ 
position of the soil coUoids. 

GEOLOGIC AGE AND SELENIUM CONTENT 

In table 7 the results for selenium in natural phosphates are 
grouped, as far as possible, according to the geologic age of the 
deposits (10). Of the deposits for wdiich the average result is greater 
than 1 p. p. m., the Permian phosphates show the largest amount of 
selenium and tlie post-Tertiary the least. In the descending order 
of selenium content, the Miocene, Cretaceous (or Jurassic), Eocene, 
and Devonian phosphates are between these extremes. 
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Tabi^e 7,—-Geologic age as correlated with selenium content of natural phosphates 


Period or epoch 

Source or type of phosphate 

Samples 

Selenium 

analyzed 

Range 

Average 

Post-Tertiarv_ 

Island phosphates .... 

Number 

S 

P. p. m. 
<0.8-2.0 

P. p. m. 
<1.1 
<2.4 

Tertiary.. 

Florida, South Carolina, Morocco, Aus- 

20 

<. 8-16 

• 

Pliocene_ 

tralia, and Russia. 

Florida land pebble.__ 

4 


<.8 

9.8 

Miocene-.-_ ■ 

1 South Carolina land rock....1 

3 

5,0-16 

Oiigocene.. 

Eocene_ _ 

Florida hard rock and soft phosphate_^ 

Morocco_S 

6 

3 

^-S 

1.0-5.0 

<.8 

2,5 

Cretaceous (or Jurassic)... 

France, Russia, Algeria, Tunis, and 

19 

<. 8-55 

<8.8 

Carboniferous.. 

Egypt. 

! Western United States and Canada.. 

25 

<.8~55 

3. 0-55 i 

<16.7 

27 

Permian.. 

Dark-colored phosphates ^__ 

15 

Do__ 

i Light-colored phosphates ^... 

10 

<.S-I.O 

<.s 

^.8 

^klississippian___ 

' Tennessee kidney phosphate___ 

1 

Devonian.. 

Tennessee blue rock_ 

4 

8-31 

!<1.8 

Ordovician... 

{ Tennessee and Kentucky brown rock ^ _ 

S 

<.8 

<•6 

Pre-Cambrian.. 

Apatite from Virginia and Canada. 

2 

<.8 

<•8 


^ From Canada: Cxeorgetown, Idaho; Maxville, Mont.; Cokeville, Wyo.; and British Columbia. 

2 From Paris, Idaho; and Garrison. Mont. 

3 Also 2 samples of Tennessee phosphatic limestone, 1 sample of Arkansas phosphate, and 1 sample of 
Estonian phosphate. 

In view of previous discussion, it is hardly necessary to remark 
that other factors may play a greater part than geologic age in limit¬ 
ing the amounts of selenium that occur in any given deposit. As to 
the geologic age, a comparison of primary deposits is most logical. 
Accordingly, the geologic periods during which the primary phosphate 
deposits were laid down are, in the increasing order of average sele¬ 
nium content of tlie phosphates, Devonian, Cretaceous, and Permian. 

FHOSFHATBS COMPARED WITH OTHER JiO<’K.S, MINERALS, SOIL, AND WATER 

The available results f(U‘ selenium in rocks, minerals, soils, and 
waters of the United States are summarized in table 8. The analyses 
of all the materials other than phosphates were recently published 
by Byers (S) and Williams and Byers U5). Since the data are by 
far the most extensive for certain localities west of the Mississippi 
Kiver, mainly parts of Colorado, ]Montana, Nebraska, South Dakota, 
and Wyoming, the results have been classified under two geographic 
divisions of the country, the }^Iississippi River being used as the 
dividing line. The results of Goldschmidt and Hefter (4) and Gold¬ 
schmidt and Strock (5) for selenium in certain genetic varieties of 
rocks and minerals, particularly sulphides, are summarized in table 
9, in w'hich the results for phosphates (table 6) are also included for 
convenience in comparison. 

According to the available data (table 8), phosphate rock from 
deposits east of the Mississippi River contains less selenium than 
does that from deposits in the West. Aside from a crude sulphur 
from Colorado showing 8,350 p. p. in., pyrite, as would be ex¬ 
pected, contained the largest quantities of selenium. The selenium 
content of phosphate rock from the western division of the United 
States agrees very well with that of other sedimentary deposits in 
this region. ^ In the ascending order of the average results, shale, 
chalk, Permian phosphate, and limestone lie betw^een the values (9 
and 20 p. p, m., respectively) for ironstone (and mudstone) and 
bentonite. 
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Table S.- — ScUnmm in rocks^ mineralsy soilSj and waters of the United States 
west and east of the Mississippi River 


Location and material 

Samples 

Selenium 

analyzed 

Range 

Average 

West of Mississippi River: 

Phosphate rock (Permian only)_ 

Number 

24 

6 

P.p.m. 
<0.8-55 
1.5-46 ; 

P. p. m. 


19 

.4 

15 

4.6 

.2 

8,350 

123 

9.0 

11 

20 

2.0 

.06 
. 2 

Sandstone_ 

1 

Chalk (Niobrara)___ 

17 

4 

6.0-30 
1.0-10 

Gypsum____ 

Gypsum sand_ _ 

1 

Sulphur (crude from Colorado)___ 

1 


Pyrite_ 

6 

5.0-320 
4.0-14 i 
.0-103 i 
2.0-75 1 

. O-dl 1 

.02- 2 1 

Ironstone and mudstone_ 

4 

Shale..-.—. 

80 

6 

Bentonite_-___- 

Soil .-... 

446 

AVeli water__ 

1 12 

Greek and drainage water_____ 

5 

.00-1.2 

1 <.S-16 i 

East of Mississippi River: 

Phosphate rock. ____ 

I 

25 

<2.7 

<.8 

Apatite___-__ 

' 1 

Pyrite___ 

20 

. h ‘ifiO 

70 

Marcasite (from clay)....... 

2 

I .3-. 6 i 

4.5 

5.1} 

10 

(0 

. 25 
. 18 

P jTrhofcite______ 

I 1 

Chalcopvrite.-..... 

1 


Mispickel_____ 

1 


Shale_____ 

5 

.15". 6 

Clay bed____ 

2 6 

.0-.4 



1 Trace. 

2 Samples of surface soil, sand, and clay. 

Table 9. —Selenium in certain genetic varieties of minerals and rocksj nitrate hedSf 

and waters 


Material 

Samples 

Selenium 

analyzed 

Range 

Average 

Meteorites (iron, troilite, and chondite)_ 

Number 

5 

P. p. m. 

1.5-132 

P. p. m. 
47 

Sulphides: 

Primary magmatic i_ 

7 

17-65 

44 

PnAiTTnatnlytin and hydrothflrmflT 3. _ _ 

12 

.8-190 

29 

From sedimentary deposits *_______ 

13 

.1-32 

12 

Oxides of iron and manganese ^_ 

5 

.5-5.4 

2.0 

Phosphates; s 

Primary deposits_ 

41 

i 

<.8-55 

<10.9 

<2.0 

Secondary deposits__ 

34 

<.8-16 

Limestone, Devonian __ _______ 

(0 

.1 

Argillaceous-arenaceous rocks__ __ 

Q) 


.6 

Chilean nitrate beds, caliche ___ _ . __ 

2 


5.2 

Water from North Sea_____ 

.0033-. 0044 

,0038 

Water from T.a "Rnche-Pcsay . 

3 

K2 


1 



^ Pyrrliotite from Germany, Norway, South Africa, and Ontario, Canada. 

® From Norway, Germany, England, California, and Colorado. 

31 sample from Newfoimdland, others from Germany. 

^ 1 sample was a deep-sea nodule of manganese ore, others from Germany, Finland, and Newfoundland. 

® Results from table 6. 

® Composite sample representative of 32 limestones of Germany. 

7 Composite sample representative of deposits in Germany and Japan. 

® Composite sample representative of 14 localities. 

s Analyses by Taboury (f5). 

When all the data are considered, it appears that sedUmentary de¬ 
posits, in general, carry less selenium than other deposits. Further¬ 
more, larger quantities of selenium occur in primary than in secondary 
deposits. 


27052--S6- 
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SELENIUM IN SUPEEPHOSPHATE AND PHOSPHOEIC ACID 

In view of the occurrence of selenium in phosphate rock in amounts 
ranging from <0.1 to 55 p. p, m. (tables 2 and 3), notable quantities 
of this element would ordinarily be expected in superphosphate and 
phosphoric acid manufactured from rock from certain phosphate 
deposits. Furthermore, selenium may be introduced into super¬ 
phosphate and phosphoric acid as an impurity in the sulphuric acid 
used to decompose the rock. Considerable quantities of selenium 
are often present in sulphuric acid manufactured from pyrite or pro¬ 
duced as a byproduct of the smelting of other sulphide ores; acid 
from these sources is used extensively in the fertilizer industry, par¬ 
ticularly in the manufacture of superphosphate. Stoklasa (H) re¬ 
ported 26 to 58 p. p. m. of selenium in Glover tower acid and 15 to 42 
p. p. m. in chamber acid. A sample of byproduct sulphuric acid 
(60° B.) from a copper-smelting operation in Tennessee contained 
52 p. p. m. of selenium (6). The presence of selenium in sulphuric 
acid has also been noted by others {20j 2If). Inasmuch as selenium 
occurs in coal {12) and also in coke {M)j phosphoric acid produced by 
the electric-furnace and blast-furnace processes, particularly the 
latter, may also carry selenium as the result of using coke as a reducing 
agent and as fuel. 

Stoklasa {22) found 15 to 36 p. p. m. of selenium in European super¬ 
phosphate. Much smaller quantities were found in American super¬ 
phosphates by the authors. The results (table 10) range from <0.8 
to 4.0 p. p. m. As the samples were tirpical commercial superphos¬ 
phates recently made from phosphate rock representing the principal 
deposits in this country, it appears that these results may be regarded 
as a fairly accurate range for the selenium content of superphosphate 
manufactured in the United States at the present time. 

Table 10. —Selcmum in super phosphate and phosphoric acid 
OBDIXARY SUPERPHOSPHATE 


Sam¬ 

ple 

no. 

Type or source of phosphate ; 
rock 

] 

1 

Source of sulphuric acid 

P 2 OS 

Se 

1315 
1370 

1316 
1414 
1402 

Florida land pebble. 

Teimesse© brown rock. 

Florida land pebble.. 

dn .. 

Pyrite. 

_do_.-. 

Sulphur-. 

Sludge acid from petroleum refining. 

_do-. 

Percera 
19.20 
21.06 1 
1S.S6 
17.85 
20.60 

P, p. m. 
1.5 
.8 

<.8 

<.8 

1.0 




1 


DOUBLE SUPERPHOSPHATE 

1337 ! 

1 ! 

j Florida land pebble_' 

SnlphTir^ . . . .. _ 

; 46,21 

<0.8 

J3C2 1 
2372 i 

i Tennessee brown rock.I 

Idaho..i 

(0 

1 Copper-smelting operation in Montana. 

48,37 
47.33 

' 1.5 

4.0 

CRUDE PHOSPHORIC ACID 

1200 
2199 
105S 
1057 , 

Idaho. 

— do..... 

Tennessee brown rock. 

i 

Copper-smelting operation in Montana. 

Copper-smelting operation In Tennessee 

20.26 
37.80 
16.04 
41.38 

<0.07 
<- 07 
.14 

.5 


^ Phosphoric add manufactured by the blast-fumace process was used. 

® A sample of add (60° B.) from this smelting operation contained 52 p. p. m. of selenium (6). 
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The results in table 10 present a few additional points of special 
interest. Only a veiy small part of the selenium in the raw materials 
was found in the superphosphate or phosphoric acid. For example, 
the phosphoric acids produced from Idaho phosphate by the sulphuric- 
acid process carried less than 0.07 p. p. m. of selenium, despite the fact 
that the rock (Conda, Idaho) contains 8 to 40 p. p. m. (table 2) and 
the copper ore from which the sulphuric acid was produced as a by¬ 
product was probably also seleniferous. On processing phosphate rock 
from Conda, Idaho, it is the practice to calcine the rock at about 700^ 
C. (14), in order to eliminate most of the organic matter which other¬ 
wise would seriously foul the acid and apparatus. At least a portion 
of the selenium of the phosphate rock is probably volatilized by this 
treatment.® Doubtless a part of any selenium that is present in the 
mixture of rock and sulphuric acid remains with the sludge and is thus 
eliminated from the phosphoric acid. Furthermore, selenium may be 
lost by volatilization during concentration operations, although such 
a loss is not indicated by the results for the Tennessee acids. It may 
also be noted in this connection that, whereas a sample of sulphuric 
acid from the same source as that used in the manufacture of the 
Tennessee brown-rock acids carried 52 p. p. m. of selenium, the con¬ 
centrated phosphoric acid contained only 0.5 p. p. m. and the dilute 
acid considerably less. Therefore, it would appear that, under the 
conditions of manufacture in this country, only a small part of the 
selenium occurring in the raw materials, in general, finds its way into 
the finished phosphate products. 

SUMMARY 

Results are given for selenium in *96 samples of phosphate rock and 
3 samples of apatite from various deposits of the world, 8 representa¬ 
tive samples of commercial superphosphates man^actured from do¬ 
mestic rock, and 4 samples of crude phosphoric acid produced by the 
sulphuric-acid process. 

The results for selenium in natural phosphates range from <0.1 
p. p. m. in a Tennessee brown rock to 55 p. P-^m. in Wyoming and 
Algerian phosphates. The occurrence of selenium in natural i>hos- 
phates is discussed from the following points of view:^ (1) Selenium¬ 
bearing constituents; (2) primary and secondary deposits; (3) geologic 
age of deposits; and (4) a comparison of phosphates with other geo¬ 
logic formations. Accordingly, the data indicate^ (1) that organic 
matter and, to a less extent, inorganic sulphides are important carriers 
of selenium in phosphate rock, (2) that primary deposits are in general 
richer in this element than are secondary deposits, (3) that deposits 
belonging to the Permian and Cretaceous ages contain the most 
selenium, and (4) that the selenium content of phosphate deposits 
is about the same as that of other sedimentary deposits in the same 
region. 

The quantity of selenium in superphosphate ranges from <0-8^ to 
4.0 p. p. m., and in phosphoric acid is 0.5 p. p. m. or less. Accordmg 
to the available data only a small fraction of the selenium occurring 
in the natural materials from which superphosphate and phosphoric 
acid are made finds its way into the finished product. 

® According; to the results of a single experiment with Wyoming rock no. 94S, a hfehly seleniferous phos¬ 
phate (table 2), selenium was completely volatilized when the phosphate was calcined in the presence of 
water vapor at^l,400®.O. for.SOIminutes. 
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■ROOT SYSTEMS OF CERTAIN TREES AND SHRUBS 
GROWN ON PRAIRIE SOILS ^ 

By A. F. Yeager 2 

Chairman of the Department of Horticulture and Forestry, N'orth Dakota Agricultural 

Experiment Station 

INTRODUCTION 

Actual data on the depth and spread of tree roots are not abundant, 
and such as there are deal mainly with fruit trees grown under fairly 
humid conditions. The study here described was made to determine 
the depth and spread of certain forest trees and shrubs growing in 
North Dakota. The work was begun in the autumn of 1934. 

REVIEW OF LITERATURE 

Zon {20Y states that the water table under the forest is lower than 
that outside, for the forest through transpiration consumes more 
water than any other cover crop, and draws the water from a greater 
depth. Halden (7) says that in the sterile zone on the borders of 
forest stands on south and west exposures the soil is drier than either 
inside or outside of the groves, and that tliis dryness is more pro¬ 
nounced on sand than on clay. 

Golf {6), Ballantyne (f), Oskamp and Batjer {11), Partridge and 
Veatch {12), Clark {3), Golf {5), Rogers {13), and Mason {10) found 
the greater part of the roots of fruit trees in the upper 3 feet of soil 
and the maximum depth of penetration 9 feet. 

Holch (S) stated that the greatest depth to which the roots of 
young forest seedlings penetrated during the first year was 5.7 feet. 

Laitakari {9), in a study of Scotch pine {Pinus sylvestris), found 
that root systems extended far beyond the spread of branches, with 
a maximum depth of 3 meters and that spruce had a still shallower 
root system. Cheyney {2) found that jack pine also had a shallow 
root system, and Woodroof and Woodroof {19) reported that roots of 
pecan in Georgia rarely reach a depth of more than 5 feet. 

Weaver and Ej'amer {18), studying oak {Quercus macrocarpa) in 
Nebraska, found roots with 2 to 4 times the radial spread of the 
branches. Deep roots reached 14 feet. 

The foregoing observations hardly seem to support the common 
belief expressed by Zon {21) and Shepard {13) that tree roots pene¬ 
trate to great depths. 

1 deceived for publication May 27, 1935; issued February 1936. Paper No. 14, Journal Series, North 
Dakota Agricultural Experiment Station. 

2 Indebtedness is acknowledged to the Federal Transient Bureau of Fargo for supplying transients to 
assist in the work, and to the transients themselves for their splendid cooperation; to Marvel Lien who 
supervised the work; and to Prof. 0. B. Waldron who supplied the information on the ages of the 
plantations. 

3 Reference is made by number (italic) to Literature Cited, p. 1091. 
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LOCATION AND MATERIALS 

Most of the studies here recorded were made on the grounds of the 
North Dakota Agricultural College and Agricultural Experiment 
Station at Fargo. The soil is a Fargo clay, such as characterizes parts 
of the Eed River Valley. It is very level and is sometimes deficient 
in drainage during the early spring months. The black surface soil 
extends downward to a depth of about 3 feet, where it changes to a 
light-colored calcareous, clayey subsoil. There is no true hardpan 
and no stratum of rock. Because of the continued deficiency of rain¬ 
fall for many years the soil has become very dry and the water table 
is nowhere higher than 15 feet. 

To determine the behavior of tree roots under different soil con¬ 
ditions, a snow trap planted by the Northern Pacific Railway Co. 
along its right-of-w^ay was also studied. This planting, 25 years old, 
is located 38 miles west of Fargo, just outside the Red River Valley, 
in Barnes loam, a light soil. 


METHODS 

In general, the following method was employed in making these 
studies: Where there was a row of trees, as there was in most cases, 
a trench 18 inches to 2 feet in width was dug parallel to the row and 
under the outer edge of the branches of the trees. The digging was 
deep enough to sever all roots. After the trench was dug the upper 
1 foot was separated from the remainder by a cord stretched parallel 
to the ground surface, and the roots which came through the trench 
wall in this area were counted and classified according to diameter. 
After this was done, the second foot layer was handled in the same 
way, then the third, the fourth, and so on until a depth was reached 
where no more roots were found. Later the larger roots which crossed 
the trench w^ere dug out. They were traced from the point where 
they left the trench until they became too small to follow. 

In cases where it was thought that root penetration might be 
deeper beneath the tree than farther from it, excavations were made 
directly imder the tree. When it was suspected that the first speci¬ 
mens might not represent a fair sample of the species, and other 
plants were available, these were studied also. By such means the 
depth and distribution of the root systems in the various soil levels 
were ascertained, and the maximum spread of the roots in the soil 
and^ their maximum depths were determined and tabulated. In 
addition, a limited number of soil-moisture determinations were 
made. 

PRESENTATION OP DATA 

BOOT DISTRIBUTION IN FARGO CLAY AND BARNES LOAM 

Table 1 shows a compilation of data secured from root studies mth 
31 species of trees and slirubs growing on Fargo clay at Fargo, N. Dak., 
without irrigation. Trenches made in studying these species ranged 
from 20 feet to 600 feet in length for each species. According to the 
United^ States Weather Bureau records, the mean normal ramfall at 
Fargo is 22.34 inches per year, but for the past 15 years the average 
has been only 17.78 inches and for the past 6 years, 15.43 inches. 



Table 1. —Depth of penetration and lateral spread of tree and shrub roots in Fargo clay 
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The data in table 1 show that 97.3 percent of the roots growing 
in Fargo clay were confined to the upper 4 feet of soil. The deepest 
penetration of any root—that of Hibernal apple—was \Q)i feet, and 
the slightest—that of butternut—was 2% feet. The average of all 
species gave a mean maximum root length of 1.3 times the tree height. 
Blue spruce (with 0.4) among the evergreens, and Tamarix pentandra 
(with 0.7) among the deciduous trees had the smallest relative spread; 
while jack pine (with 1.9) among the evergreens, and chokecherry 
and black walnut (Avith 2.1 each) among the deciduous plants had 
the largest, (fig. 1, B-0). 

Ten Eyck {15) found, in a study of the root systems of cultivated 
[)lants grown at tMs station in the same type of soil, that Rural 




FiGUEE 1.—Diagram sbowing distribution of tree and shrub roots in Fargo clay. (In the case of wide- 
spreading plants, roots are shown fully in one direction only. Lines beneath the soil level indicate 5-foot 
depths). Af cross section of four tree rows, on a slope from a dry area into a moist one. Two rows of 
green ash grow in the middle with one row of golden willow on each side. Note the wider spread and 
shallower rooting of willow on the dry soO as compared to that on the soil which in normal years is flooded 
^ch spring. B, black walnut, Juglans nigra. C, hibernal apple, Malus aylvestrif. D, American elm, 
Ulmm armrlmm. E, green ash, Fraxinm lancedata. F, northern cottonwood, Populm montlif&ra. 
O, mossyaip o®k, Omstciu maaocarpa. H, Colorado juniper, Juniperus icropulorum. I, Colorado spruce, 
Piaapun§ms, J, Jack pme, Pinw 6ante‘ana. iC, Siberian pea-tree, Cara</ana crtorcsccTis. L, Choke- 
cherry, Prnnm rfrfimana- M, Amur tamark, Tamarupentandra amurensis. N, buck thorn, PhamTius 
mthirtka. 0, Silva: bnffalob«rry, Shepkerdia argentea. 

pcitato roots penetrated 3 feet deep, sugar beets 3K feet, native grasses 
4 feet, flax 2% feet, and Bromm inermis at least 5% feet and probably 
more. Weaver { 16 ), in Nebraska, found that wil(i alfalfa penetrated 
lejl feet, buffalo grass 7 feet, wheat 3 feet, com 8 feet, and alfalfa 
20 feet. Horseradish is reported (17) as penetrating 14 feet deep, 
caiTots 8 feet, and squash as having a 17-foot spread of roots with 
a 6-foot downward penetration. Thus, it would appear that tree 
roots occupy much the same soil layers as do ordinary field crops^ 
To compare the results obtained on the heavy clay soil with un¬ 
certain drainage, characteristic of the conditions at Fargo, another 
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series of observations was made near Buffalo, N. Dak., 88 miles west 
of Fargo. Buffalo lies just outside the Red River Valley, and the 
soil, a Barnes loam, is lighter and more sandy, and except for the 
greater organic content near the surface, is uniform far below any 
depth reached in the Far^o studies. Trees of the following species 
were excavated and studied: Golden willow, green ash, northern 
cottonwood, boxelder, and soft maple. It was found that the depth 
of penetration and the spread of the roots in this soil were practically 
the same as in the heavy soil; perhaps a few inches deeper, but not 
enough to affect the general conclusion. Data on golden willow and 
green ash are given in table 2. 

Table 2 .—EjSfect of soil type and 7noisture on the roots of golden willow and green 

ash 


Boots in 50-foot trench 


Foot of depth and diameter of root i 

Golden willow 

Green ash 

! 

(inches) 


i 




i 



i 

Sandy soil 

1 Heavy clay soil 

Sandy soil 

Heavy clay soil 


Dry 

1 

Wet i 

1 

Dry 1 

Wet 

Dry ! 

1 

Wet 

Dry 

Wet 

First: 

NumbeT 

Number 

Number 

Number 

1 

Number' 

Number 

Number 

Number 

0-U . 

290 

83 

92 

64 

105 

252 

60 

70 

U-V2 . 

3 

10 

25 

12 

0 

28 ! 

9 

S 

. 

3 

4 

2 

0 

20 

8 

9 

0 

1-2. 

0 

0 

4 

0 

5 

8 

0 i 

2 

Above 2. 

3 

2 

0 

4 

0 

16 

0 

2 

Second: 









0-H . 

135 

04 1 

118 

96 

170 

364 

72 

03 

H-H .-.- 

6 

6 

22 ! 

20 

5 

16 

6 

15 

H-l . 

3 

0 

10 

12 

5 

8 

15 

4 

i-2. 

0 

0 

0 

4 

0 

4 

3 

2 

Above 2. 

0 

4 

0 

0 

0 

12 

0 

0 

Third; 









0-V4 . 

54 

176 

92 

104 

145 

152 

111 

260 

y4-H . 

0 

6 

10 

4 i 

0 

8 ; 

9 

6 

H-l . 

0 

2 

4 

4 ; 

0 

0 

6 i 

6 

1-2. 

0 

0 

0 

0 

0 

0 

0 1 

2 

Above 2.. 

0 

0 

0 

0 

0 

4 

0 1 

2 

Fourth: 









0-M .-.-.-. 

27 

134 

53 

136 

55 

116 

62 

35 

H~H . 

0 

2 

0 

12 

i 0 

0 

0 

6 

^^-1 . 

3 

4 

0 

0 

0 

0 

0 

1 

1-2... 

0 

0 

0 

0 

0 

0 

0 

0 

Above 2.. 

0 

4 

0 

0 

i ^ 

0 

0 

0 

Fifth: 









Mi.- 

24 

64 

0 

84 

' 0 

28 

0 

75 

H-H . 

0 

0 

0 

4 

■ 0 

0 

0 

4 

Sixth: 









Q-H 

0 

94 

0 

92 





Seventh: 









0-J.4. 

0 

28 

0 

24 





U~U 

0 

0 

0 

8 





Eighth; : 



i 







0 

6 

0 

0 





Ninth: 









O-H 

0 

2 

0 

0 


.. 



Tenth: ; 









0-1,1. 

0 

2 

0 

0 













i 


Maximum depth reached by traced roots of golden willow in heavy clay soil: Dry 6 feet 8 inches; wet 
14 feet. 


EFFECT OP SOIL MOISTURE ON ROOTS 

Around tke ed^e of the tree planting at Fargo there is a^ slough 
which is dry during and greater part of the yearj but during the 
spring of most years water stands in it for such long periods that it 
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is not suitable for ordinary crops. Four rows of trees, spaced 10 feet 
apart, have been planted at the edge of the wet area as a windbreak 
for the horticnltural plots. The 2 middle rows are green ash and the 
2 outside rows are golden willow. Excavations were made in the low 
area and the distribution of roots growing under these moist condi¬ 
tions were compared with those on higher ground where the only 
moisture available was from the rain that fell there. 

In^ the case of the site near Buffalo, although the soil profile is 
relatively uniform throughout, the surface contour is somewhat 
irregular; that is, there are places into which the water from melting 
snow and flood water runs each spring, and other high points from 
wliich any excess surface water runs off. Excavations were made 
both on these high points and in the low places, and the roots of such 
trees as were available were studied. Table 2 presents the findings 
with respect to golden willow and green ash under the two moisture 
conditions. 

Table 2 shows that the willow rooted very much more deeply in 
both the sandy soil and clay soil when extra moisture was available. 
Figure 1, A, shows a diagram of a cross section of the windbreak at 
Fargo running from the high land into the flooded area. This diagram 
illustrates the difference in depth of rooting under the two conditions 
and also the much greater spread of the roots near the surface where 
the soil is d^. These deep roots of the willow were found to penetrate 
almost straight down until they reached their maximum depth, where 
they spread out abruptly. Moisture studies showed that at tins 
point, where a 7-foot layer of hard shale changed to a softer layer, 
there was 10 percent more moisture than at the top of the layer of 
shale. 

Table 2 also shows the difference in the rooting of green ash under 
the two conditions of soil moisture. Here, again, it will be noted 
that where the soil receives excess water the roots penetrate deeper, 
although they do not reach the depth attained by those of the willowu 
A similar condition was found with respect to cottonwmod, soft 
maple, and boxelder in the two locations on sandy soil. Trees of 
these species were not available for a similar comparison in the heavy 
soil. This deeper penetration w'here extra water is available cor¬ 
responds closely to the finding of Weaver (16) that wheat roots 
grown without irrigation penetrate to a depth of 3 feet and where 
irrigated to 5 feet, and that rye growing in d:pr ground penetrates to 
5 feet and in moist soil to 8 feet. Shallow wide-spread root systems 
in semiarid regions permit trees to utilize deficient natural rainfall 
more fully since, as reported by Finnell (4), little of the w’'ater reaches 
the subsoil. 

These root studies indicate that many of the trees which are knowm 
to be none too resistant to drought have a greater tendency to form 
deep, penetrating vertical roots in moist locations than do most of the 
drought-resistant forms. Soft maple produces deep vertical roots 
occasionally. Cottonwood and Northwest poplar (a supposedly 
hybrid species) both form such roots occasionally though none of 
these produce a deep-penetrating root system in anything like the 
profusion that the golden willow, bronze golden willow, and white 
willow do when moisture is abundant. Known drought-resistant trees 
such as oak and choke cherry, which have comparatively deep root 
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systems, differ from those without such drought resistance in that the 
deep roots are characteristic of these two species regardless of moisture- 
conditions. 

SUMMARY 

At Fargo, N. Dak., which has an average rainfall of 22.34 inches, a 
study involving 31 species of trees and shrubs showed more than 
97 percent by niunber of the roots to be in the first 4 feet of soH. 

Without irrigation, and if permitted to spread, the roots extend 
horizontally from 0.4 to 2.1 times the height of the tree, depending 
upon the species. 

When additional water, but not an excessive quantity is supplied, 
tree roots^ spread less and penetrate deeper. The effect of the addi¬ 
tional moisture is greater on some species than on others. 

The general distribution of the tree roots was much the same in 
clay as in sandy soils. 
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GERMINATION STUDIES ON AGED AND INJURED 

SEEDS ^ 


By 0. A. Steve !srs 

Associate botarmti .Kortli Dakota AgricuUnml Experiment SkiUon 

INTRODUCTION 

From 1909 to 1933, various inYestigations upon problems of germi¬ 
nation were carried on at the North Dakota Seed Laboratory by the 
writer and his assistants and by advanced students under the vu-iter's 
supervision. The present paper includes results of some of the experi¬ 
ments that deal with special conditions of seeds. 

CLOVER AND ALFALFA 

LONGEVITY OF NORMAL SAMPLES 

Some of the first studies dealt with the seeding value of ^^haitU^ 
seeds in clovers. Much has been published on this subject since the 
results of these studies were reported, and only certain features need 
to be considered here. In one of the first experiments six samples of 
alfalfa (Medicago sativa L.) and two each of sweetclover (Melilohis 
alba Desr.) and red clover {Trifolium pratense L.) were tested every 
2 months for hard-seed content. These samples, assembled in the 
early winter of 1913-14, have been continued as a longevity trial, 
and 20 years’ data are now available. The samples were kept in ordi¬ 
nary mahila seed envelops, stored in ventilated galvanized boxes 
which were kept in the laboratory either on or near the floor. Germi¬ 
nation tests were made between blotters by standard methods, and 
500 seeds were used for each test during the first season. 

The samples for the trials were selected with much care. The first 
three of alfalfa shown in table 1 were grown in western North Dakota 
in 1913, no. 14497 was growm in Montana, and no. 14469 in South 
Dakota. No. 14487 was imported Turkestan seed which came from 
a wholesale seed house and showed the typical color and intermixture 
of foreign seeds. Both lots of sweetclover were secured from seed 
houses, the crop being new at that time and no locally grown seed 
available. No. 14295 was from a St. Louis dealer and no. 15093 was 
said to be Kansas-grown. No. 14295 was rather immature and con¬ 
tained after recleaning, about 30 percent of greenish-colored seeds. 
Separate tests showed a germination of 38 percent and 29 hard for 
these green seeds as compared with 66 and 33 hard for the yellow. 
The red clovers were growm in Cass and Traill Counties, respectively, 
in North Dakota. A note in the original entry states: All lots con¬ 
taining trash and light, shrunken seeds were blown in the vertical air 
blast separator to grade them evenly.” Notwithstanding this, the 
samples are not quite so carefully prepared as would be desired by 
present standards, 

1 Received for publication June 11 , 1935; issued February 1936- Paper no. 16, Journal Series, Nortli 
Dakota Agricultural Experiment Station. 
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Table h—Germination and percentage of hard seed in various samples of alfalfa, 
sweetclover^ and red clover seed during the first year of storage 


Percentage of germination and of hard seed in— 


Sample no. 

February 

April 

June 

August 

, October 

December 


Germi¬ 

nation 

Hard 

seed 

Germi¬ 

nation 

Hard 

seed 

! Germi¬ 
nation 

Hard 

seed 

Germi¬ 

nation 

Hard 

seed 

Germi¬ 

nation 

Hard 

seed 

Germi¬ 

nation 

Hard 

seed 

Alfalfa; 













1435R.^ 

64 

33 

62 

33 

77 

21 

76 

21 

81 

15 

89 

8 

14397. 

59 

38 

59 

33 

57 

27 

66 

28 

79 

18 

81 

14 

14407_.._. 

67 

32 

67 

27 

78 

19 

79 

20 

84 

12 1 

84 

12 

14497. 

79 

16 

79 

16 

83 

14 

85 1 

13 

87 

10 

91 

7 

14469. 

96 

3 

91 

6 

94 

5 

96 1 

3 

96 

3 

90 

2 

14487_ 

95 

4 

95 

2 

93 

3 

96 1 

2 

95 

1 i 

94 

3 

Sweetclover; 













14295. 

59 

35 

57 

33 

58 

31 

64 

23 

60 

29 

63 

25 

15093_ 

68 

27 

70 

26 

69 

26 

69 

26 

71 

22 

69 

27 

Red clover: 













14446_ 

62 

35 

57 

36 ' 

67 

29 

71 

22 

69 

26 

69 

28 

14448. 

83 

12 

83 

8 

91 

7 

90 

7 

91 i 

6 

92 

4 


After the first year, only 200 seeds were used in each test as it was 
felt that the variations would be somewhat smaller and that these 
samples would give the significant differences. In general, differences 
of less than 5 percent are not considered s^ificant unless they appear 
consistently through a considerable number of tests. The causes and 
extent of variation have been discussed by the writer in another 
paper {8)} 

Germination tests, although carried out under standard conditions 
in standard chambers, are subject to some variations, especially in 
respect to moisture. It is believed that the common legume seeds 
are as little sensitive as any kinds of seeds and that this factor is 
relatively unimportant. The personal factor, however, is important 
in longevity trials. The actual work on these samples was done by 
six or more different workers as the laboratory staff changed from 
year to year, but at all times the tests were under the supervision of 
the writer. More important than the personal element is the fact 
that old seeds differ from new both in behavior and appearance. This 
makes it more difficult in the case of old seeds to determine ^^normal” 
germination, ^^hard^^ seeds, etc. Even if the work is done by the 
same person each year, his standards may change unconsciously. 
Seed laboratory methods, especially the interpretation of germination 
tets, have been under constant scrutiny in an effort to secure more 
nearly uniform procedure. Some soil tests of these samples have been 
made but not regularly, and a field trial of 4 of the alfalfas and 1 sweet- 
cloverisreportedin connection with other trials (p. 1098). The foregoing 
discussion applies to the data in tables 1 and 2, and also to other 
trials to be described in later paragraphs. 

.A summary of the results of the germination tests with alfalfa, 
sweetclover, and red clover is given in table 1. It will be noted in 
table 1 that the alfalfa which began with a fairly high percentage of 
hard seed showed a well-marked decrease by June, and a still further 
decrease by late fall. A similar, but less marked effect, appears in 
the red clover. One sweetclover sample showed practically no change, 


3 Beference is made>y number (italic) to Literature Cited, p. 1106. 
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while the other showed a decrease in hard seeds but without a corre¬ 
sponding increase in germination. A test of all samples in June 1915 
following gave practically the same results as the December test. A 
summary by 5-year periods is shown in table 2. 

Table 2. —'Germination and percentage of hard seed in various samples of alfalfa^ 
siveetclover^ and red clover seed hy d-^year ^ intervals over a period of 20 years 


Percentage of germination and of hard seed in— 


Sample bo. 

1914 

1920 

1924 

1929 

1934 


Germi¬ 

nation 

Hard 

seed 

Germi¬ 

nation 

Hard 

seed 

Germi¬ 

nation 

Hard 

seed 

Germi¬ 

nation 

Hard 

seed 

Germi¬ 

nation 

Hard 

seed 

Alfalfa: 



1 








14358. 

64 

33 

70 

1 

69 

2 

55 

0 

53 

2 

14397. 

59 i 

38 

72 

3 

68 

3 

71 

3 

64 

4 

14407.. 

67 

32 

79 

3 

72 

5 

65 

3 

55 

3 

14497__ 

79 

16 

53 

1 

59 

5 

53 

2 

1 54 

1 

14469. 

96 

3 

81 

2 

78 

2 

81 

1 

82 

1 

14487. 

95 

4 

95 

0 

86 

0 

85 

0 

I 75 

0 

Sweetclover: 



14295. 

59 

35 

32 

30 

28 

23 

22 

i 21 

26 

18 

15093. 

68 

27 

71 

16 

69 

15 

58 

14 

48 

22 

Red clover: 











14446. 

62 

35 

56 

27 

46 

14 

32 

14 

16 

17 

14448. 

83 

12 

40 

13 

39 

4 

17 

3 

7 

6 


1 No test was made between 1914 and 1920. 


Table 2 indicates (1) almost complete loss of hard seed in the alfalfa 
during the first 5 years, but a long retention of a small percentage; 
(2) retention of over 50 percent of viability in the same samples at 
20 years; (3) retention of 75 to 80 percent of viability in two samples 
of alfalfa which contained practically no hard seeds at the beginning; 
(4) a much slower decrease of hard seeds and about equal decrease 
in germination in the sweetclover, the total loss being greater than 
in the alfalfa; (5) a still more rapid decline in red clover to a very 
low germination at 20 years; and (6) a marked difference in the be¬ 
havior of different samples of the same kind of seed. 

The finding of an exceptionally high retention of viability in two 
samples of alfalfa which had a low content of hard seed at the begin¬ 
ning of the experiment is perhaps surprising, and emphasizes the 
individuality of samples. Since the hard-seeded condition in alfalfa 
is rather temporary, there seems little reason to expect that it would 
affect the longevity. Where this condition is of long duration as in 
sweetclover, we naturally expect the permeable seeds to lose their 
vitality first, the hard seeds retaining theirs at least until the coats 
become permeable. 

The first experiment had shown a marked decrease in hard seeds 
in alfalfa samples during the first year, but more frequent tests 
seemed desirable. A new series of samples which had been received 
from November 1914 to April 1915 was assembled and tested in the 
same way the 1st of each month from April to October, These 
were fresh seeds all with a high percentage of hard seeds and grown 
mostly in North Dakota (1 Minnesota, 2 Montana, 1 unknown). 
The averages of the results are given in table 3, 


2T052—36 - i 
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Table 3. —Germmalion of and pGrceniage of hard seed in various samples of alfalfa, 
sweelclover, and red clover seed between April and October 


Percentage ol germination and of liard seed in—- 


Seed 

April 

I 

May 

June 

July 

October 

Ger- 

rain" 

ation 

Hard 
seed 1 

Ger¬ 

min¬ 

ation 

Hard 

seed 

Ger¬ 

min¬ 

ation 

Hard 

seed 

Ger¬ 

min¬ 

ation 

Hard 

seed 

Ger¬ 

min¬ 

ation 

Hard 

seed 

Alfalfa (8 samples)-. 

43 

55 

59 

39 

63 

35 

66 

32 

72 

26 

Sweetclover (3 samples). 

30 

66 

36 

60 

33 

63 

38 

69 

33 

60 

Eed clover (3 samples). 

60 

39 

62 

36 

65 

34 

64 

35 

64 

35 


These results bear out those of the first trial, in showing a sharp 
decrease in the percentage of hard seeds in the alfalfa in early spring 
and a continued decrease at a slower rate during the rest of the sum¬ 
mer. The sweetclover and red clover showed practically no change 
during the year. Retained for 15 years longer, the samples have 



shovui decreases comparable to those in table 2, again with consider¬ 
able differences between apparently similar samples. 

A third similar lot of samples was selected in 1920 for a scarified 
seed test. The unscarified portions of these samples were tested 
each year until 1930. By combining all the data available for the 
different lots of normal alfalfa and sweetclover seed, and considering 
only total viability (germinating plus hard), the graph shown in 
figure 1 was secured. 

The results agree in general with those found by Sifton (7), but 
indicate considerably higher retention of viability. Possibly this 
is due to the fact that samples con taming a high percentage of hard 
seeds were used for the most part. However, the highest germination 
of all samples at the age of 20 years was from two samples of alfalfa 
which contained very few hard^ seeds. Sifton has called attention 
to the rather sudden loss of vitality in the cereal seeds after about the 
tenth year, as compared with a gradual decline in the clovers. The 
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different behavior of clovers is possibly accounted for by the fact 
that they have a less imifomi maturity, are subjected to a greater 
degree of injury in threshing, and undergo a gradual loss of imper¬ 
meable seed coat. 

LONGEVITY OP SCARIFIED SEEDS 

The longevity of scarified sweetclover seed has been discussed 
quite fully in another paper (11, p. 13). The behavior of scarified 
alfalfa seed is essentially similar* The scarified seeds lose their 
^fitahty in the course of 1 to 2 years, probably as a result of increased 
oxidation permitted by the broken seed coats, and the loss of vitality 
in the remaining seeds of the sample then proceeds as with unscari¬ 
fied seeds. Different samples may behave quite differently owing 
to variations in degree of scarification or other abrasions in threshing, 
or to degree of maturity and other natural influences. The fact 
that the hard seeds of alfalfa become permeable to a large extent 
during the spring of the first year, and that they will germinate better 
in the field than in the laboratory, has practically closed the question 
of scarification so far as alfalfa is concerned. 

GERMINATION OF FROSTED SEEDS 

The germination of the immature seeds of sweetclover and of 
those discolored by frost has already been discussed (11). Immature 
seeds of alfalfa are relatively rare, but a small percentage of brown 
seed is very commonly present and is an important factor in the 
commercial value of the seed. The crop of 1925 contained an unusu¬ 
ally large amoimt of seed discolored by frost. The germination of 
the brown seeds was found to be quite good if they were plump and 
of good weight, but it seemed desirable to determine whether such 
seeds would retain their viability. A series of 5 samples of alfalfa 
and 2 of sweetclover, aU North Dakota grown, were assembled. All 
samples were carefully recleaned and approximately 20 g of each was 
separated by hand into brown and yellow, and stored in separate 
packages. The character of the samples is indicated in table 4. 


Table 4. —Quality of North Dakota grown alfalfa and sweetclover seed samples 
as affected by the presence of brown seeds discolored by frost 


Seeds and sample no. 

1 

Place grown in North Dakota 

Percentage 
brown (by 
weight) 

Weight of 200 seeds 

Yellow 

Brown 

Alfalfa: 

47581.■ 

Hastings.. 

34.8 

Grams , 
0.360 

Grams 
a 340 

48248.... 

Washburn,. .... 

37.4 

.420 i 

.380 

48770. .. 

Arnegard..... 

41.2 

.405 

.360 

48828. 

Washburn, ____ 

46.2 

.415 

.380 

49053. 

Lark_____ 

39.4 

.415 

.395 

Sweetclover: 

47450-. 

Christine-..... 

51.5 

.390 

.370 

48034----. 

Horace_-__ 

31.8 

.420 

.m 




The results of these tests were somewhat more difficult to interpret 
than those of the previous experiments because the condition of ^^hard^^ 
seeds is not so easily recognized in the brown condition. In general 
it may be said that duiing 6 years of storage the average actual 
germination of the yellow seeds in the alfalfa remained constant ta 
about 57 percent, while the hard seeds decreased from 25 to 12 
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percent. In the brown seeds, germnation decreased from 54 to 30 
percent, while the hard seeds remained practically constant at about 
13 percent. In the sweetclover, germination decreased from about 
70 to 50 percent in both yellow and brown seed, and the hard seeds 
remained essentially constant at about 30 and 25 percent, respectively. 

These results differ from those previously obtained l3y the writer 
and by other workers in indicating a longer retention of the hard- 
coated condition by frosted seeds. As previously suggested, it was 
felt that there was some question about the brown seeds recorded as 
hard at the end of the usual test. In 1935 the hard seeds remaining 
at the end of the test were carefully reconsidered, but without any 
material change in the results. All of the remaining hard seeds were 
then scarified by rubbing with emery cloth and replaced in the 
germination chamber. In two of the alfalfa samples (nos. 48248 and 
48828) about two-thirds of the brown hard seeds softened without 
producing normal sprouts. In the other samples this result was less 
marked, though in all samples there were more dead brown seeds than 
yellow ones. The average additional percentage of dead seeds added 
to the original result by scarifying the hard seeds was 15 and 3 for the 
brown and yellow sweetclover and 7.5 and 1 for the alfalfa, respec¬ 
tively, It thus appears that in some of these hard brown seeds the 
vitality of the seed had been destroyed without rendering the coat 
permeable. Since no test of this sort had been made previously it is 
not known whether this occurred in the first instance or during storage. 

FIELD GERMINATION OP CLOVERS 

Of various field trials, two were quite extensive and of special 
interest since they included aged and injured seeds. In 1927, Wm. M. 
Jackson, at the Ellendale (N. Dak.) Normai and Industrial School, carried 
out a series of tests outlined by the writer. Plantings were made on 
May 6, May 26, June 22, and July 13. The first two were the most 
successful. In the latter two germination was poorer and weeds were 
more^ troublesome. A total of 45 carefully selected samples was 
used in the foUowmg groups: (1) Check—1 alfalfa, 3 sweetclover; (2) 
hard seeds—4 alfalfa, 3 sweetclover; (3) broken (chipped and cracked) 
producing broken sprouts—5 alfalfa, 4 s-weetclover; (4) immature—5 
alfalfa, 4 sweetclover; (5) frosted—3 alfalfa, 2 sweetclover; (6) old—4 
alfalfa, 1 sweetclover. 

For each planting 200 seeds were used. The old seeds were from 
the same samples shown in table 1, and therefore were 14 years old. 
The frosted seeds were from the samples listed in table 4, and were 
only 1 year old. The average weight of the seeds in the immature lots 
was 60 to 70 percent of that of normal seeds. The samples with 
broken seeds produced from 18 to 59 percent of broken sprouts in 
the blotter tests. While these are not counted as germinated, it was 
suspected that there were other sprouts which would not succeed 
in producing plants. Expressing the results in terms of percentage 
of plants in the field to germination in blotters the averages for all four 
plantings were: 

(1) Checks—alfalfa 64, sweetclover 51. 

(2) Hard seeds —alfalfa 123, sweetclover 48. 

(3) Broken seeds*—alfalfa 42, sweetclover 24. 

(4) Iininatiire—alfafa 23, sweetclover 23. 

—alfalfa, 5 t11ow 59, brown 38; sweetclover, yellow 53, brown 40, 

(6) Old*—alfalfa 41, sweetclover 37. 
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The check sample of alfalfa showed about 15 percent of hard seed in 
the blotter test, the sweetclovers less than 10 percent. In series 2 
about 65 percent of hard seeds were present in both alfalfa and sweet- 
clover, and here the alfalfa produced more than twice as many plants 
as the sweetclover; that is, a large number of the hard seeds of the 
alfalfa produced plants and apparently none or few of the sweetclover. 
In the other lots, normal seeds produced about half as many plants as in 
the blotter test, the old and discolored seeds 10 to 15 percent less, and 
the immature and broken seeds about one-fourth as many. The 
marked difference between the alfalfa and sweetclover in the broken 
seeds is probably due to the difference in behavior of the hard seeds (35 
percent present). 

A second and similar trial was carried out at Fargo, N. Dak., in 1928 
by W. A. Davidson. The same samples were used for the old and 
discolored seeds, but for the other lots new samples were employed 
similar to those used in the previous trial. Plantings were made on 
May 22 and July 9. The first gave better results. The soil was very 
dry at the time of planting, but rain fell on June 7 and the soil was in 
good condition at the time of the second planting. The results were 
similar to those at Ellendale and calculated on the same basis were: 

(1) Checks—alfalfa 48, sweetclover 62. 

(2) Hard seeds—alfalfa 146, sweetclover 61. 

(3) Broken seeds—alfalfa 22, sweetclover 32. 

(4) Immature—^alfalfa 24, sweetclover 27. 

(5) Frosted—alfalfa, yellow 70, brown 40; sweetclover, yellow 63, brown 36. 

(6) Old—alfalfa 46, sweetclover 33. 

A field planting was made May 8,1920, of machine-scarified and of 
unscarified samples from identical lots of fresh seed. Calculated as 
in the preceding paragraph, the results were: 

Alfalfa, 5 samples—^unscarified, in field, 147; scarified, germinated between 
blotters, 198, in field 181. 

Sweetclover, 3 samples—unscarified, in field, 82; scarified, germinated between 
blotters, 148, in field 104. 

Red clover, 1 sample—unscarified, in field, 73; scarified, germinated between 
blotters, 102, in field 67. 

In the 1920 planting, the seedlings were removed as they appeared 
and the experiment was carried on for only 1 month. In the other 
two plantings, the plants were left during the summer. On the whole, 
the results are in fair accord with those of other workers, although 
they do not indicate the germination of hard seeds later in the season 
as reported by Leggatt ( 1 ) and Whitcomb (13), nor their better ger¬ 
mination at higher temperatures as reported by Lute (.^). The 
influence of the variable factors of soil and weather are obviously very 
great. ^ The writer wishes to^ stress particularly the variability in 
condition of samples. A classification into “scarified” and “unscari¬ 
fied” often is meaningless because of the variable effects of the scarify¬ 
ing process. This has been shown by the writer (11, 15) in a study 

of sweetclover. 

LONGEVITY OP SOYBEANS 

A collection of 23 samples of soybeans (Soja mm (L.) Piper) tested 
for the Department of Agronomy of the North Dakota Experiment 
Station in 1924, was again tested in 1926 and 1928, and a few were 
tested in 1929-31. One hundred seeds were used for each test. The 
crop years of 1921, 1922, and 1923 and seven varieties were repre¬ 
sented. The combined results are presented in table 5. 
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Table 5, — Viahilitij of soyheam of the crops of 1921—23 after storage m laboratory^ 
100 seeds being used per test 



Four of these samples gave 80 percent or more germination in 5 
years, while only two had dropped below 50 percent. One sample 
of the Chestnut variety gave 90 percent the eighth year, but fell to 
47 percent the tenth year (the only record for the tenth year). One 
sample of Manchuria gave 90 percent the seventh year but dropped 
to 66 percent the eighth year. The Wisconsin Black variety usually 
has shown considerable hard seed in fresh samples, but the two lots 
of it in this series did not hold their viability as well as some other 
varieties. In 1931, three of the best and three of the poorest samples 
were planted in the garden. The results are shown in table 6. 

Table 6. —Comparison of laboratory and field germination of old samples of soy- 
beans of different varieties 


Variety 

Age 

Germination 

in 

laboratory 

Germination 

in 

field 

Chestnut,_____-___-. 

Yean 

m 

9 

8 

9 

'8 

Percent 

47 
33 
66 
21 
14 ' 
16 

Percent 

39 

5 

44 

22 

4 

10 

Manchu.’ 

Manchuria.......' 

._____ 

Manchuria.-____-_^.-.-.. 

Minsoy.--^___-_'_ 



The results of these tests are in fair agreement, considering the 
small number of trials, and are sufficient to show that the samples 
were all capable of producing plants in the field. It may be mention¬ 
ed that some of them are still continuing (1935) to produce volunteer 
growth each year as a result of spontaneous reseeding. 

GERMINATION OF BROKEN SEEDS IN FLAX 

The broken seeds of flax {Linum usitatissimim L.) present a con¬ 
siderable problem, as may be seen from the fact that all samples 
exaiiimed at the seed laboratory from the crop years 1931 and 1932 
contained an average of 4.5 percent by weight of pieces comprising 
not more than one-half of a seed. This includes samples of all lands, 
cleaned and uncleaned. Occasional!}^ the amount runs as high as 
15 percent. The seeds may be broken in various ways, but reference 
is made especially to those that are broken transversely. In deter¬ 
minations of purity, according to the rules of the Association of 
Official Seed Analysts of North America (J^), pieces of not more 
than one-half the size of a seed are placed in ‘4nert matter’^, while 
pieces exceeding one-half are placed in '^pui’e-seed.’^ Although this 
procedure results in placing pieces from the larger end of the seeds 
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which, contain no piumules^ with the seeds used for germination^ it 
has been retained as the simplest worldng basis for seeds of most 
species. 

From the 1930 crop, 11 cleaned samples were selected for germi¬ 
nation experiments. All were of the Bison variety, grown in seven 
different counties, well distributed over North Dakota. Each 
sample was separated carefully into five divisions which gave an 
average composition in percentage by weight as follows: (1) Perfect 
seeds, 80.5; (2) slightly cracked, 6,8; (3) only small pieces broken off*, 
4.3; (4) plumule ends; more than one-half of a seed, 1.8; (5) plumule 
ends, less than one-half, 2.3. The separation into the five groups 
involved a considerable element of personal judgment, particularly 
in group 3, where minute pieces of seed coat may be broken from the 
plumule end in as much as 20 to 30 percent of the seeds. Such seeds 
were not used. The separations were made on 20 g by a single ex¬ 
perienced vrorker after various comparative trials had been made 
by different workers and many pieces had been weighed. Seeds were 
tested in soil in the germinating chamber and a field planting was 
made about May 20. The soil in the field plot was firm and in good 
condition, and although the weather turned unusually warm a few 
days after the seeds were planted, germination and growth were good. 
The counts recorded in the field are of plants finally produced. The 
results of the tests are shovm in table 7 and figure 2.^ 



Figure 2—Germination of normal and of broken seed of flax in soil in the germinating chamber, showing 
sample no. 64160, in front, and no. 63473, behind: A, Normal seed; B, slightly cracked seed; C, seed with 
only small pieces broken oil; D, plumule ends, more than one-half of a seed; B, plumule ends, less than 
one-half of a seed. 

It :was somewhat of,'a’surprise that even a few plants were pro- 
' duced by 'the small pieces. The variation in the samples in the field 
was striking, but it seemed to be mainly accidental as similar differ¬ 
ences were not found in the soil tests in the chamber. No other 
sample gave such a high percentage of plants in the field from the 
normal seeds as no. 64160, yet all of the broken lots from this sample 
gave very poor results. The behavior of this sample in the chamber 


3 Special credit is due Isabel Barrett for the laboratory work on this experiment as well as for work on 
other projects over several years. Charlotte and Anita Mary Blake did a consIdOTbie amount of the work 
on the earlier projects. 
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was quite similar to that of no. 63473; in fact it gave the highest 
number of sprouts from group 2. 

Table 7. —Germination (percent) of perfect and of broken flaxseed in soil in the 
germination chamber and in the field 



Perfect seed 

Cracked seed 

Slightly 
broken seed 

More than 
half a seed 

Less than 
half a seed 

Sample no. 











Cham¬ 

ber 

Field 

Cham¬ 

ber 

Field 

Cham¬ 

ber 

Field 

Cham¬ 

ber 

Field 

Cham¬ 

ber 

Field 


64160..... 

i 

97 

90 

86 

12 

73 

7 

61 

0 

9 

0 

63473. 

91 

69 

64 

52 

55 

50 ' 

48 

19 

28 

13 

7 

Average of 11 samples— 

89 

63 

73 

30 

57 

20 

38 

8 

3 

Weak growths.-_ 

2 


7 


11 


17 


15 










GERMINATION AND LONGEVITY OF HULLED TIMOTHY AND 
OTHER HULLED SEEDS^ 

Several workers who liave reported (IjB) on the relative germina¬ 
tion of hulled (naked caryopses) and unhulled (enclosed by lemma 
and palea) grains of timothy (Phleum praiense Lf) found a con¬ 
siderably lower average germination for the hulled grains, but they 
did not carry the study further. McRostie (5) concluded (on the 
basis of one lot only?) that no serious deterioration should take 
place in 3 or even 4 years of storage. Newton and Ficht (6) found 
a rather rapid decline in germination of the hulled grains, but this 
was not reflected in the field because the rate of seeding was suffi¬ 
ciently heavy to provide enough plants. From their germination 
tests the one lot used appears to have been of representative char¬ 
acter. The present writer reported {10) upon a survey of 77 samples 
received in the year 1923-24. From these, 10 samples w^hich con¬ 
tained from 36 to 63 percent of hulled grains were selected and stored 
with the samples of clovers already discussed. These have been 
tested in May of each year, using each time 200 each of hulled and 
unhulled, and placing the separations from a given sample on the 
same blotter in the chamber. Only samples w^hich showed a high 
initial germination of the hulled grains were used. The average 
initial germination was 95.2 for the hulled and 98.6 for the unhulled. 

Figure 3 shows that the viability of the unhulled seeds remained 
essentially unimpaired for 5 years, after which it declined with 
increasing rapidity. The hulled grains lost viability steadily from 


4 In North Dakota and neighboring States the term “huUing” is in common use for the process of re¬ 
moving the covOTng (pod, pericarp) from the seeds of legume forage crops. Especially in sweetclover> 
the are termed “unhulied’* in their original condition and ^'hulled” after the pericarp has been re¬ 
moved. It should be noted that in this sense the term ^^hulled” refers to the r^ult of a mechanical op¬ 
eration. Sciemiflc writers have often described the grains of grasses as “hulled " when normally enclosed 
by the lemma and palea after threshing. “Hull-less” varieties are those which normally are freed from 
the lemma and palea in threshing. The naked condition in timothy and in the common varieties of 
millet is abnormal. Perhaps “deglumed” would be a better term for these, but it appears impossible to 
establish a simple and precise terminology for so many variants. The usage employed in the present 
paper is that commonly used commercially. 
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PLATE 1 



Gemination of huUed and unhuUed timothy seed after 8 years’ storage: A and O, hulled: J5 and D, unimlled; 
A and B, sample no. 42260; C and D, sample no. 43869. No. 42260 gave the best results for hulled seed and 
no. 43869 the poorest. 
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the first, and in the better samples the results tended to approach 
those of the unhulled grains. In addition to these differences there 
were variations between individual samples, distinct breaks occur¬ 
ring in various years. 

Personal judgment might seem to account for some of the apparent 
irregularities, but these usually concerned only certain samples, no 
general differences appearing in all of the samples in any one year. 
The sprouted grains from the test in 1932 of one of the best and 
one of the poorest samples are shown in plate 1. A soil test of no. 
42260 made in the chamber on the same date gave 40 and 83 percent 



Figure 3.—Germination of hulled and unhuBed timothy in storage. Average for unhulled 04) and hulled 
(B) in 10 samples; average of 6 best (C) and 4 poorest (D) of the hulled. 

for the hulled and unhulled as compared with 61 and 92 for the 
blotter test and 89 and 98 for a soil test of a fresh check sample. 

It was noted in 1934 that germination continued after the 8-day 
period, and when the seeds were left for 9 days more, an average 
additional 6 and 17 percent was recorded for the hulled and unhuUed 
seeds, respectively. There were many grains producing shoots but 
no roots (therefore not counted as germinating), these averaging 
5 and 6 percent, respectively, for the hulled and unhulled, but with 
the greatest variation in the latter. The unhulled seeds of sample 
no. 43869 retained their vitality best of all the sampl^, but|the 
hulled seeds madeljone of the poorest showings. ^ The information 
regarding this sample indicated that it was overripe and had stood 
in the shock, but was not damaged by rain. 
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It appears from these tests that while the hulled seeds usually 
germinate more poorly than the imhulled, in some samples they 
may be little inferior at first but lose vitality more rapidly than the 
unhulled. There may even be wide differences in rate of loss be¬ 
tween the two kinds in one sample. 

For several years comparative tests have been made whenever 
samples were available of the germination of the naked caryopses of 
grains which normally remain enclosed by the lemma and palea, 
particularly those of emmer (Triticum dicoccum) and quackgrass 
{Agropyron repens). The results are summarized in table 8. 

Table 8 . — Germination of various seed in hulled and unhulled condition 


Kind of seed 


Oats {xinena sativa) ... 

Emmer (Triticum dicoccum) ... 

Proso millets (Pankum miliaceum) . 

Foxtail millets (Setaria italka) . 

Bromegrass {Bromm inermis) . 

Reed canary grass {Phalaris armdinacea).. 

Quackgrass {Agropyron repens) .. 

Yellow bristle grass (Setaria Itdescens)^..^ 

Green bristle grass (Setaria midis) . 

Buckwheat (Fagopyrum isculentum) . 

Wild buckwheat (Polygonum conmlmlm). 


Samples 

Average 
content 
of hulled 
seed 

Average germination 

Hulled 

Unhulled 

Number 

Percent 

Percent 

Percent 

12 

13 

81 

97 

/ 1 

(0 

18 

74 


20 

98 

95 

19 

22 

51 

94 

9 

18 

53 

91 

1 

10 

72 

95 

1 

37 

16 

78 

f 1 

100 

5 


1 

100 

31 


■ 1 1 

70 

24 

88 

1 1 

93.6 

15 

91 

4 

100 

24 


13 

56 

46 

86 

1 

3 

98 

98 

6 


27 

17 


J Old and moldy. 


In these tests it was found that the hulled seeds germinated more 
poorly, but with large variations, some samples sho^Ying no differences 
between the hulled and the unhulled. The hulled oats varied from 
63 to 98 percent and with little relation to the amount of hulled grains 
present. 

The millets are probably of most importance. A record has not 
been kept of the percentage of hulled grains in all samples, but in the 
proso millets it frequently reached 20. In the foxtail millets it was 
much lower. The bristle grasses were obtained frorn samples of 
alfalfa and sweetclover, chieiBy from the 1927 crop which contained 
large quantities of these seeds. The lemma and palea envelop the 
caryopsis closely, but are frequently removed by the close hulling 
which the seed receives. The radicle of the embryo often is broken 
m the process. The yellow bristle grass, because of its larger size, 
is nearly always hulled and very often broken. An outstanding 
sample among the bristle grasses was one in which 93 percent of the 
grains were hulled and 87 percent of them germinated, the highest 
germination in the entire group. In another sample containing 50 
percent hulled seed, 71 percent germinated, the second highest test, 
while of the unhiilled seed 70 percent germinated, the lowest by 12 
percent, for the group. Bristle grass germinated readily in all cases. 

In quackgrass, the lemma and palea adhere tightly and the radicle 
projects distinctly so that it is very often broken a little. The fourth 
sample reported in table 8 was secured from a dealer who stated 
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that it came from new-crop sweetclover which had just been hulled 
and scarified. The first test was made April L On May 1 and 
June 1, the hulled quackgrass gave the same germination, but on 
December 1 it gave only 4 percent, the unhuUed 91 as before. 

Wild buckwheat is a common impurity, and in alfalfa or other small 
seeds it becomes considerably broken. The embryo lies close to the 
surface, on one angle, and so is likel^r to be injured in hulling, which in 
this case means removal of the pericarp. The germination tests on 
this seed were unsatisfactory, as the normal seeds failed to respond 
in 3 cases out of 4. Nor did they respond to any extent to chipping, 
testing in soil at 18° C., or on blotters at 14°. The ordinary buck¬ 
wheat (Fagopyrum) is not at all comparable to wild buckwheat, for 
its embryo lies in the center of the seed. 

LONGEVITY OF PERENNIAL SOWTHISTLE SEEDS 

The achenes of Sonchus arvensis have gernnnated readily with the 
usual 20°-30° C. alternation as previously reported (S), and quite 
uniformly have produced about 95 percent. Many tests have been 
made, but no regular annual ones. Fresh seed has been collected 
nearly every year and as tested May 1, 1935, these lots showed a 
poor growth for the 1929 crop and none for the crops of 1922 to 1928. 

SUMMARY 

Annual germination tests were made upon various seeds stored in 
the laboratory up to 20 years. Under these conditions the viability 
of good alfalfa and sweetclover seed declined steadily from about 95 
to about 60 percent in 20 years. Ked clover dropped to about 10 
percent. 

Hard seeds in alfalfa became permeable to a large extent during the 
spring months, and while few hard seeds remained after 1 year, from 
1 to 4 percent were present even after 20 years. In red clover there 
was a slower decrease in hard seeds, and in sweetclover very little, 
two samples retaining at 20 years one-half and four-fifths, respec¬ 
tively, of their original hard-seed content. Some samples which 
originally contained few hard seeds retained their vitality as well as 
others. Seeds of alfalfa and sweetclover touched with frost w-hen 
maturing showed greater retention of hard seeds than did normal lots, 
but in some cases these did not produce normal sprouts when scarified. 

In field plantings of samples containing a high percentage of hard 
seeds, alfalfa produced from one-fourth to one-half rnore plants than 
was indicated by blotter test, while alfalfa which did not contain a 
large amount of hard seeds and sweetclover both with and without 
hard seeds, produced only about one-half as many plants as indicated 
by the blotter test. 

Twenty-year-old seeds of alfalfa and sweetclover, and also fresh 
seeds discolored by frost but of nearly normal weight, gave results 
in the field only slightly lower in proportion to their blotter test than 
the normal seeds. Broken and quite immature seeds gave only 
about one-half as good results. 

Soybeans declined steadily but retained an average viability of 30 
percent at 9 years. 
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Broken seeds of flax gave poor germination, but even pieces of less 
than one-balf of a seed gave a maximum of 12 (average 3) percent of 
plants in tlie field. 

Normal grains of timothy retained normal viability 5 or 6 years, 
then declined rapidly to 60 percent in 10 years. Hulled (deglumed) 
grains from the same samples declined steadily to about 20 percent 
m 10 years, but the better lots decreased to only 70 percent in 6 
years. 

Millets, especially the proso types, often had a considerable pro¬ 
portion of grains without glumes, and these germinated poorly. 
Grains of green bristle grass, found in samples of clover and deglumed 
through clover hulling, were similarly injured. Grains of quackgrass 
were commonly broken in the same process but gave as high as 30 
percent gennination. 

Seeds of perennial sowthistle retained their viability for 5 years 
only. Wide differences were observed in the behavior of apparently 
similar samples, and the causes and extent of variations in such tests 
is discussed. 
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THE NUTRITIVE VALUE OF SKIM-MILK POWDERS, WITH 
SPECIAL REFERENCE TO THE SENSITIVITY OF MILK 
PROTEINS TO HEAT ^ 

By B. W. Fairbanks, special research assistant in animal nutrition, and H. H. 

Mitchell, chief in anmal nutrition, Illinois Agricultural Experiment Station 

INTRODUCTION 

In the commercial dehydration of raw liquid skim milk the immedi¬ 
ate practical objective is the production of a dry powder that may be 
conveniently stored and readily transported. The agency of dehydra¬ 
tion is heat. In the merchandising of these powders emphasis is 
placed upon their high nutritive value, particularly as sources of 
protein, of calcium, and of vitamin G. It is commonly, if tacitly, 
assumed that they are equal in nutritive value to the solids of 3‘aw 
liquid skim milk. However, there is more than a remote possibility 
that the heat treatment to which they have been subjected has 
lowered their nutritive value, although little definite evidence to this 
effect has been found in the literature. 

In the drying of liquid skim milk, there are times when the resiiltiog 
products are scorched. This scorching is caused in di^ferent ways, 
and under careful management it may be prevented. The point of 
interest here is that these scorched products are offered for sale 
through the various merchandising chaimels. In such cases there is 
ocular evidence that processing has changed the milk solids, but to 
what extent the nutritive value has deteriorated there is again no 
available evidence. 

While many types of equipment are used in the manufacture of dry 
skim-milk powders, only two distinct processes of dehydration aj*e in 
general use, one the roller process, and the other the spray process. 
Powders made by tlie roller process are largely merchandised as 
animal feed, while the powders sold for human consum])tion are 
largely prepared by the spray process. IVhether the powders 
produced by the two processes are of equivalent nutritive value is not 
definitely knowm. 

Of the 288,000,000 pounds of diy skhn-milk powder produced in the 
United States in 1933, about 60 percent went into human consumption 
through such media as bakery goods, ice cream, confectioneries, and 
breaHast cereals. The remaining 40 percent was sold as animal feed. 
The former channels of consumption obviously represent the most 
particular and fastidious of sales distribution, in wliich a scorched 
product is frowned upon because of its off color and taste. The 
animal-feed buyer is not opposed to the scorched product because 
of color or taste, but he does, and should, view^ it with some doubt 
on the score of its nutiitive value. 

i Received for publication July 11,1935; issued February 1936. The experimental data reported in this 
article have been taken in part from the thesis of B. W. Fairbanks submitted in 1935 to the Graduate School 
of the University of Illinois in partial fulfillment of the requirements for the degree of doctor of pMlo»phy 
in animal husbandry, and in part from an experiment station project. The investigation carried on by 
the senior writer was made possible by the donation of funds and samples of skim-milk powders to the 
University of Illinois by the American Dry Milk Institute, Inc. 
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The investigation reported in the following pages was planned to 
solve these problems, in part at least, but mainly as they relate to the 
changes in the iintritive %"aliie of milk solids induced by the heat 
processes employed in the commercial manufacture of skim-milk 
powders. 

REVIEW OF LITERATURE 

Nevens and Shaw (ISy showed that the digestibility of the proteins 
of whole-milk powder was appreciably less than that of the proteins 
of liquid whole milk. They did not observe any significant differences 
in the digestibility of the proteins of whole-milk powders produced 
by the roller and the spray processes, although Miyawaki, Kanazawa, 
and Kanda (11) claim, on the basis of in vitro digestion experiments, 
that the digestibility of the proteins of roller-process powder is some¬ 
what less than that of spray-process powder. 

Chick {2) and Goldblatt and Moritz (5) compared the growth- 
promoting values of unheated and heated casein, obtaining no evi¬ 
dence of a deleterious effect of heat. In these tests the casein was 
lieated for 36 to 72 hours at 110® to 130® C. As high-protein diets 
were used in both investigations, a possible slight inferiority of the 
heated casein may well have been masked. The more rapid resump¬ 
tion of growth in rats following depletion of vitamin A when unheated 
casein was used than when casein heated at 105® C. for 7 days was 
used, noted by Coward, Key, Morgan, and Cambden (3), may well 
have been a result of heat xipon the casein itself rather than upon any 
vitamin A originally present in it. Morgan (12) obtained consistently 
lower biological values for toasted (150® for 30 minutes) than for raw 
casein, and in later work with Greaves (6) an attempt was made to 
trace the heat (140® for 30 minutes) deterioration to the destruction 
of certain of the amino acid components of casein; i. e., lysine, 
histidine, tyrosine, cystine, and tryptophane. From growth experi¬ 
ments they concluded that the nutritive value of both heated and 
unheated casein was improved by a supplement of cystine and that 
that of the heated casein (but not of the imheated casein) was im- 
])inved by supplements of either lysine or of liistidine; in nitrogen- 
balance experiments they found that the biological value of imheated 
as well as of heated casein was increased by a cystine supplement, 
while that of the heated casein was improved also by a supplement of 
lysine. Such results, indicating a supplementation of proteins 
simultaneously by more than one amino acid indispensable to life, are 
contrary to prevailing conceptions of the relation between the com¬ 
position of proteins and their value in promoting protein synthesis in 
animals. Block, Jones, and Gersdorff (1) found that the lysine 
yielded by the acid hydrolysis of casein was not lowered by previous 
treatment of the casein with dilute sodium hydroxide or by dry heat 
(150® for 65 minutes). 

The above-cited experiments on heated versus unheated casein are 
of no definite value in predicting the effect on the nutritive value of 
milk solids of dehydrating by the prevailing commercial processes, 
mainly because the time of exposure to heat is so much shorter in the 
latter case. Thus, in the roller process, the milk film is in contact with 
the drying roll for only about 4 seconds, and for only a fraction of this 
time is it exposed to the maximum roller temperature, estimated at 


» Reference is made bylnumber (italic) to Literature Cited, p. 1320. 
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C.^ In the spray process the raw milk is prelieated at to 
63"^, concentrated in a vacuum pan, and sprayed into a current of air 
at temperatures ranging from 93® to 149®. 

OBJECT, MATERIALS, AND METHODS 

The object of the experiment was to compare the digestibilities and 
the biological values of the proteins of a series of skim-milk powders 
prepared by different methods and processes with each other and with 
those of a sample of raw skim millc which had not been subjected to 
any heat treatment whatever. Albino rats were used as subjects. 
Somewhat incidentally, the net-energy values of the two roller-process 
powders subjected to the severest and the mildest heat treatment were 
compared. A study was also made of the amino acids limiting the 
nutritive values of the proteins of the roller-process powders, for the 
purpose of determining the location of the heat injury. 

Six samples of dry skim-milk powders were prepared in the Dairy¬ 
men’s League plant at Massena, N. Y., from the same supply of milk. 
Four of the samples were made upon twin-cylinder atmospheric rolls 
and the remaining two were prepared by the continuous spray process. 
These six samples were compared to raw liquid skim milk, 

Paw liquid skim milk, —This sample was obtained from the Division 
of Dairy Manufactures of the University of Illinois and was drawn 
before any heat was applied. While this sample of skim milk was not 
taken from the liquid skim milk from which the powders were pre¬ 
pared, the discrepancy is not serious, as the proteins of skim milk are 
comparatively constant in amount and proportions. 

Low4emjqerature powder^ roller process (r. p.), —The steam gage at 
the rolls registered 50-pound pressure, and the film of milk delivered 
to the roll was thinner than in common practice. This powder was 
exposed to a temperature less than that commonly employed in 
commercial drying. 

Choice commercial powder, roller process (r. p,), —Ordinary com¬ 
mercial plant procedures were employed, including 87 pounds of 
steam pressure and a milk film of ordinary thickness. This sample 
was a high-quality product, and would receive the liighest grade 
adopted by the standards committee of the American Dry Milk 
Institute. 

Slightly scorched powder, roller process (r. p,). —The steam pressure 
was increased to 90 pounds and a thin film of milk was delivered to 
the rolls. This sample was representative of the scorched milk powder 
frequently encountered in the trade. 

Scorched powder, roller process (r, p,), —The knives were lifted inter¬ 
mittently from the rolls, so that the milk solids made more than one 
revolution of the rolls. The product was representative of the ex¬ 
treme scorching occasionally found in market samples. 

Not preheated powder, spray process {s. p.). —The usual preheating 
process was omitted. Such a powder is not frequently encountered in 
the trade. 

Preheated powder, spray process {s. p,). —The usual preheating 
process which is considered necessary for the preparation of a high 
quality good-baking spray-process powder was included. 


3 No estimate of the maximum temperature to whioh the milk film is exposed m the roll cau possess a 
high degree of accuracy nor be generally applicable under all conditions. 
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All samples were shipped to Urbana in tin containers with tight- 
fitting lids, except the choice commercial powder, which was shipped 
in a well-made barrel lined with paper. On arrival the latter sample 
was transferred to 50~poiind lard pails. All samples were stored in a 
dry place. 

For purposes of precise description, the chemical composition, solu¬ 
bility, and color analysis of the skim-milk powders are given in 
table 1. 


Table 1.-— Chemical co7npositionj solubility^ and color analysis of the experimental 

dry skim-milk powders 




Chemical composition 


Solubility 

Color analysis 

Sam|>le of powder 

Dry 

sub¬ 

stance 

Nitro¬ 

gen 

Crude 

protein 

(NX6.25) 

Fat 

Gross 

energy 

per 

gram 

Dry 
sub¬ 
stance 
in solu¬ 
tion 

Nitro¬ 
gen in 
solu¬ 
tion 

Bright¬ 

ness 

Domi¬ 

nant 

wave 

length 

Puri¬ 

ty 

Low-temperature, r. p.. 

Per- 
cent 
96.12 

Per¬ 

cent 

5.41 

Percent 
33.81 

Per¬ 
cent 
0.91 

Calories 

4.06 

Percent 

71.3 

Per¬ 

cent 

34.6 

Percent 

84.5 

600 

1 

Choice commercial, r. p. 

98.06 

5.50 

34.38 

.99 

4.02 

67.7 

32.4 

84.6 

560 

23 

S lightly scorched, r. p - - 

99.87 

5.41 

33.81 

1.07 

4.02 

62.4 

27.9 

77.1 

580 

17 

Scorched, r. p. 

98.90 

5.55 

34.69 

.90 

4.25 

64.6 

24.9 

62.0 

687 

18 

Not preheated, s. p. 

98.32 

5.40 

33.75 

.69 

4.13 

95.1 

92.3 

95.5 

590 

1 

Preheated, s. p. 

98.40 

5.60 

34.38 

.62 

4.12 

92.6 

91.6 

94.5 

580 

4 


The method for determining solubility was adapted from the method 
of Wright {17). Twenty grams of skim-milk powder were trans¬ 
ferred to a beaker, to wMch was added 200 cc of nitrogen-free water 
at 20° C. The beaker was placed in a water bath of 20°, and the 
contents stirred mechanically for exactly 30 minutes. Fifty cubic 
centimeters of the nmxture were transferred to each of two centrifuge 
tubes and whirled at 1,850 revolutions per minute for exactly 15 
minutes. Three 10-cc samples of the supernatant fluid were removed 
from one centrifuge tube for moisture determination, while from the 
second centrifuge tube three 10-cc samples w'ere taken for the deter¬ 
mination of nitrogen. 

The colors were analyzed with a Keuffel and Esser color analyzer 
or spectrophotometer. For these analyses the samples were ground 
in a mortar until all material passed through a 100-mesh sieve. The 
three characteristics of color—brightness, dominant wave length, and 
purity—are expressed numerically. As most of these powders were 
white or very nearly so, it is believed that the figures for brightness 
are the most significant. 

The data of table 1 show that, with a single exception for solids 
and none for nitrogen, the solubility of the roller-process powders 
decreased as the severity of the heat treatment increased. The spray- 
process powders were much more soluble than the roller-process 
powders, and of the two former the [preheated was the less soluble, 
xilso the spray-process powders5>ossessed a greater brightness I'ating 
than the roller-process powders, Iwhile JamongTthe latter, brightness 
decreased as the intensity of heat processing increased. 

In many of the experiments^the paired-feeding method {9) was used, 
while for the determination of the biological values of protein the 
nitrogen-balance method developed in'this laboratory (7, •■f0)Jwas 
followed. 
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EXPERIMENTAL RESULTS 

THE DIGESTIBILITY OP ENERGY 

Tlie apparent digestibility of energy was determined upon two of 
the roller-process powders, the low-temperature pow^der and the 
scorched powder, representing the two extremes of heat treatment. 
This determination was made upon eight pairs of rats which were 
being used in a feeding experiment designed to compare the net- 
energy values of these powders. The results of the net-energy test 
are presented below. The rations compared contained about 63 per¬ 
cent of the respective powders. The collection periods were of 7 
days duration and a feces marker w^as used. 

The average coefficients of apparent digestibility of the energy of 
these two diets were 90.5 for the low-temperature powder and 89.2 
for the scorched powder. In all pairs a higher coefficient was obtained 
with the low-temperature powder. Such a consistent result wmuld be 
produced by chance only once in 128 trials, so that its significance is 
established without further statistical analysis. It may be concluded 
that the extreme heat employed in preparing the scorched powder 
depressed the digestibility of its energy in the animal body. Al¬ 
though the average depression for the ration as a wffioie w^as 1.375 
percent, that of the powder itself, making up only 62.3 percent of the 
ration, must have been 1.375-^0.623=2.21 percent. 

THE DIGESTIBILITY OF PROTEIN 

The digestibility of the protein in raw liquid skim milk and in the 
various skim-milk powders was determined from the nitrogen metab¬ 
olism data secured for the purpose of computing the biological values 
of these protein mixtures. In these metabolism trials the various 
samples were compared in turn with the low-temperature (r. p.) 
powder, the same rats being used in each comparison in groups of 5, 
8, or 10. The average coefficients of true digestibility (including due 
allowance for the metabolic products in the feces) are given in table 2. 


Table 2.- —Average coefficients of true digestibility of protein for the various experi¬ 
mental skim-milk samples 


Rats (number) 

Raw 

liquid 

skim 

milk 

Roller-proofs powders 

Spray-process 

powders 

Low tem¬ 
perature 

Choice 

commer¬ 

cial 

Slightly 

scorched 

Scorched 

Not pre¬ 
heated 

Preheated 

s . _ _ 

! 

94.8 1 

92.7 

90.6 

191.7 

192.1 





95.3 

5 

93.4 



92.0 

92.0 

5 __ . _ 


88.8 j 



h 



81.4 



1 






i Average of 10 determinations, 2 on each rat. 


If digestion coefficients obtained for any two samples on the same 
rat are considered as paired observations, then Student^s (15) method 
for the statistical analysis of small groups of such data may be applied. 
Such an analysis of the individual data shows that the protems of 
liquid skim milk are significantly more digestible than the proteins of 

27052—36-5 
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the low temperature (r. p.) powder, and that the latter proteins are sig¬ 
nificantly better digested than those of the shghtly scorched (r. p.) 
and scorched (r. p.) powders. All other differences are statistically 
insignificant. 

These results are only in partial agreement with those of Nevens 
and Shaw ( 13 ), who were able to demonstrate a significantly greater 
apparent digestibility of the proteins of fresh whole milk than of the 
proteins of whole-milk powder prepared by either the spray process 
or the roller process. In these studies the sole diet of the experimental 
rats consisted of the milk products under test, while in the investiga¬ 
tions reported in this article the experimental diets contained less 
than 25 percent of milk sohds. The former dietaries would be more 
favorable to the detection of differences in the digestibility of milk 
products than would the latter. 

THE NET-ENERGY VALUE 

The two skim-milk powders representing the two extremes in heat 
treatment; i. e., the low-temperature and the scorched roller-process 
powders, were compared with reference to their availability as sources 
of energy in animal nutrition. They were incorporated into rations 
containing other sources of protein, minerals, and vitamins in pre¬ 
sumably adequate amounts, so that the milk sohds need_ supply only 
energy-yielding nutrients. The composition of the rations is given 
in table 3. The water was added to diet 2 in order to equahze the 
moisture content of the two powders (table 1). 


Table 3. —Composition of the diets used in the comparison of the net-energy values 
of low-temperature (r. p.) shim-milk powder and scorched (r. p.) powder 


Constituent 

Dietl 

Diet 2 

Constituent 

Dietl 

Diet 2 

Low-temperature (r. p.) powder. 
SmrnhBd (r. p.) powder___ 

Percent 

63.50 

Percent 

62.34 

25.00 

4.50 

Dried yeast 2 . 

Cod-liver oil_ 

Percent 

6.00 

2.00 

Percent 
5.00 
2.00 
1.16 

Casein_-_ 

25.00 

4.50 

Water.. 

Modified Osborne and Mendel 
salts 1 . 

1 



1 See Wesson (IB). 2 Obtained from the Northwestern Yeast Co. 


The rations were compared with respect to growth-promoting 
power by means of the paired feeding method, using eight pairs of rats. 
The growth results are assembled in table 4. 

Table 4. —Comparison of the net-energy value of low-temperature powder (r. p.), 
diet ij and scorched powder (r. p.), diet 2, as determined by the paired-feeding 
method during a feeding period of 56 days 


Pair no. and iwwder 
used in diet 


Pair 1, males: 
Low-temperature 

powder. 

Soorohed powder— 
Pair 2, mdes: 

' liow-temperature 

powder—. 

Scorched powder.. 
i:, Pair 3, females: 
i' Low-temperature 

powder. 

Scorched powder— 
Pair 4, females: 
Low-temperatura 

powder. 

Scorched powder— 


Total 

food 

Initial 

weight 

Final 

weight 

Gain 

Pair no. and powder 
used in diet 

Total 

food 

Initial 

weight 

Pinal 

weight 

Gain 

Gram 

Grams 

Grams 

Grams 

Pair 5, males: 
Low-temperature 

Grams 

Grams 

Grams 

Grams 

627 

49 

155 

106 

powder. 

446 

40 

131 

91 

627 

61 

145 

94 

Scorched powder- 

446 

40 

113 

73 

557 I 

50 

160 

no 

Pair 6, females: 
Low-temperature 
powder. 

1 469 

46 

122 

76 

557 

47 

157 

no 

Scorched powder.. 

I 469 

46 

126 

80 

527 

48 

134 

86 

Pair 7, females: 
Low-temperature 
powder.. 

^ 423 

46 

109 

63 

527 

50 

144 

94 

Scorched powder.. 

423 

53 

109 

66 

470 

41 

124 

S3 

Pair 8, males: 
Low-temperature 
powder.. 

499 

52 

143 

91 

479 

40 

123 

83 

Scorched powder- 

499 

61 

161 

100 
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After the feeding period was well under way, it appeared that both 
diets were deficient in vitamin B. In order to"maintain appetite, each 
rat was given daily by mouth from 3 to 6 drops of tildtiM extract, pair 
mates being treated exactly alike. 

^ The gains in weight of pair mates reveal no superiority of diet 1 over 
diet 2. In 3 pairs the rat on diet 1 gained the faster, in 3 pairs the 
reverse was true, while in 2 pairs the gains were equal. 

Since it was possible that a difference in net-energy value between 
diets 1 and 2 produced a difference in the energy balance rather than 
in the rate of gain of the rats, the carcasses of four pairs, nos. 1, 3, 5, 
and 8, were analyzed for gross-energy content, using the Parr oxygen 
bomb calorimeter. Their contents of nitrogen were also determined. 
The results are summarized in table 5. 


Table 5. —Nitrogen and energy contents of the carcasses of 4 pairs of rats reared on 

diets 1 and 2 ^ 



i 

Empty 



Energy content 



body 

weight 


Per gram 

Total 

1. 

fLow temperature. 

Grams 

150 

Percent 

2.86 1 

Grams 

4.29 

Calories 

1.32 

Calories 

198 

IScorched.. 

139 

2.77 

3.85 

1.32 

1S3 

Q 

fLow temperature. 

129 

2.94 1 

3.79 

1.32 

' 170 


1 Scorched. 

138 

2.44 

3.37 

' 1.32 

182 


/Low temperature.. 

127 

2.79 

3.54 

! 1.33 

169 

0--- 

\ Scorched. 

108 

2.86 

3.09 

i 1.32 

143 

Q 

/Low temperature. 

\Scorched. 

138 

3.04 

4.20 

1.31 

181 

0 ^ 

145 

2.96 

4.29 

1.31 

190 


i Diet 1 contained the low temperature and diet 2 the scorched powder. 


The energy content per gram of empty carcass was remarkably 
constant for all rats examined, and the total energj" content of pair 
mates showed no consistent differences induced by the two diets. 
In 2 pairs the rat subsisting on diet 1 stored the greater amount of 
energy in its body, while in the remaining 2 pairs the reverse was 
true. 

The nitrogen content of the carcass of the rat receiving the low- 
temperature powder (diet 1) was higher, both on the percentage and 
the absolute basis, in 2 of the 4 pairs than that of the rat receiving the 
scorched powder, but these differences are not sufficiently large or 
consistent or numerous to indicate with any great degree of certainty, 
according to statistical analysis, that they were the result of the 
difference in diet consumed rather than the result of chance. 

The digestibility coefficients above discussed indicate clearly that 
the energy of the scorched skim-milk powder was somewhat less 
digestible than that of the low-temperature poAvder. The failure 
to demonstrate a difference in the net-energy values of the two 
powders by the growth experiment may be the result of (1) a greater 
degree of activity of the rats on the diet containing the lowjtem- 
perature powder, (2) a greater specific dynamic effect of this diet or 
(3) a biological error in the growth experiment sufficient to obscure 
the effect of the greater digestibility of the low-temperature powder. 

In aU probability any difference in net-energy value betwem the 
low-temperature skim-milk powder and the scorched powder is incon¬ 
siderable. It may be concluded further that powders subjected to 
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heat insiifficieiit in intensity to produce more than a barely perceptible 
scorching are for all practical purposes equally yaliiable as sources 
of energy in the animal body. 

BIOLOGICAL VALUE OF THE PROTEINS 

The general plan of experimental procedure in determining the 
biological value of the proteins was that developed by Mitchell 
(7j 10), except that in these metabolism studies feces markers ^ were 
employed. The compositions of the various diets are presented in 
table 6. In order to improve the consumption of the experimental 
diets, Harris yeast vitamin powder was fed. This vitamin concen¬ 
trate was fed in some instances as part of the diet, in others as part 
of the diet supplemented by additional amounts weighed into indi¬ 
vidual feed dishes, and later by feeding all of it as an addition to the 
mixed diet, which accounts for the presence of more than 1 percentage 
of this constituent in a given diet. As the amount of vitamin po-wder 
was changed in the diet, a corresponding and equal change was made 
in the amount of starch. 

Table 6 . —Composition of the diets used in studying the relative biological values 

of the proteins of raw liquid skim milk and the various dry shim-milk powders 


Constituents 

Stand¬ 

ardiz¬ 

ing 

diet 

Raw 

liquid 

skim 

milk 

Low- 

tem- 

pera- 

ture 

powder 

(r. p.) 

Choice 
com¬ 
mercial 
powder 
(r. p.) 

Slightly 
scorched 
powder 
(r. p.) 

Scorched 
powder 
(r. p.) 

Not 
pre¬ 
heated 
powder 
(s. p.) 

Pre¬ 
heated 
powder 
(s. p.) 


Percent 
\ 5.47 
\ or 
[ 5.35 

Percent 
\ . 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Raw liquid skim mPk____ 

r 

■22.55 







Tjnw-tftmpp.rfttnre powder (r. p.l 


23.66 






Choice commercial powder fr. p.). 



23.27 





Slightly scorched powder (r. p.) 




23.66 









23.06 



Not preheated powder (s. p.) 






23.70 


Pr«hp.Rted powder (r. p.^ __ 







23.27 
4.5 
8.0 
2.0 
10.0 
1.0 

49.20 

2.0 

Modified Osborne-Mendel salts.,. 

Filtered butterfat.. 

Cod-liver oil.. 

Sucrose.-.. 

NaCI.-.-. 

Harris yeast vitamin powder. 

Starch. 

Pigment.....— 

4.5 1 
8.0 1 
2.0 ! 
10.0 i 
1.0 1 

( 

or : 

1 .0 ! 

( 60.53 
\ or 

1 67.15 

2.0 

1 

4.5 

8.0 

2.0 

10.0 

1.0 

. 

1 49.95 
2.0 

4.5 

8.0 

2.0 

10.0 

1.0 

1 

f 48.54 
or 

\ 48.34 
or 

1 48.84 
2.0 

1 4.5 i 

8.0 1 
2.0 
10.0 
1.0 

1 ^ 

1 48.73 
2.0 

4.5 

8.0 

2.0 

10.0 

1.0 

.5 

48.34 

2.0 

4.5 

8.0 

2.0 

10.0 

1.0 

.5 

48.94 

2.0 

4.5 
8.0 ! 
2.0 I 
10.0 
1.0 

48.80 

2.0 


i Dry substance. 


The calculations of the biological values of the proteins of the 
various miU^ samples was made from the nitrogen metabolism data 
according to the usual procedure followed in this laborato^ (10); 
hence it seems unnecessary to give them in detail here. The biological 


* On the first day of each experimental period the diet fed contained 2 percent of ferric oxide, which marked 
the feces red. On the remaining days of the experimental period, in most cases of 7 days' duration, an 
equal percentage of barium sulphate was included in the diet. This produced a progressively lighter color 
in the feces. On the first day following an experimental period, or the first day of a transition period, 
which was always 4 days in length, the diet contained 2 percent of chromic oxide to mark the feces green. 
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value is the percentage of the absorbed nitrogen that is retained for 
both maintenance and growth under the standard conditions adopted 
for the determination. The estimate of the absorbed nitrogen makes 
due allowance for the metabolic nitrogen excreted in the feces, the 
ratio between metabolic fecal nitrogen and dry-matter intake being 
measured in the standardizing periods. The estimate of the total 
storage of nitrogen in the body makes due allowance for the endo¬ 
genous nitrogen excreted in the urine, the ratio between endogenous 
nitrogen and body weight being also determined in the standardizing 
periods. 

The various milk samples were compared in turn vitli respect to 
the biological value of their protein components with the low-tem¬ 
perature (r. p.) powder, groups of 5, 8, or 10 rats being used in each 
comparison. The average biological values for each group of rats and 
for each milk sample are assembled in table 7. 


Table 7. —Average biological values of protein for ike various experimental skim^ 

milk samples 


Rats (number) 

Raw 

liquid 

skim 

milk 

i 

Roller-process powders 1 

i 

Spray-process 

powders 

Low 

temper¬ 

ature 

Choice 

1 commer¬ 
cial 

Slightly 

scorched 

1 

Scorched 

Not pre¬ 
heated 

Preheated 

8. 

89.8; 

89.1 

89.6 

189.3 

187.9 





82.3 

5. 

i 81,6 



87.2 

88.6 

5.. 


68.0 



5. 



69.8 


j 







1 Average of 10 determinations, 2 on each rat. 


The average biological value of 89.8 for the proteins of liquid skim 
milk may be compared with the average of 95 obtained by Shiftan 
( 14 ) witn two pigs fed a ration containing about 12 percent of protein. 
The average of 82.3 for preheated skim-milk powder (s. p.) is very 
close to the value of 85 obtained in this laboratory in two investiga¬ 
tions (8j 10) with milk powders of this description, and also vdth the 
value of 86 reported by Boas Fixsen and Jackson (^), relating to a 
whole-milk powder manufactured by the roller process. 

The biological values (single or average) obtained for different 
samples on the same rats have been considered as pahed observations, 
and the differences between them have been subjected to statistical 
analysis according to the method of Student (15). The statistical 
results are summarized in table 8. From these analyses it may be 
concluded that the nutritive value of the digestible proteins of fresh 
skim milk is not depressed by drying by the roller process at the 
lowest feasible temperature, nor by drying by the spray process pro¬ 
vided the preheating is dispensed with. However, if drying is ac¬ 
complished by the prevailing commercial processes, yielding products 
represented by the choice commercial (r. p.) sample and the preheated 
(s. p.) sample, a definite lowering of nutritive value occurs, equal to 
about 8 percent. If drying by the roller process is so poorly controlled 
that even slight scorcliing occurs, then a much greater decrease in 
nutritive value is effected, amounting to more than 20 percent. 
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Table ^.-—Analysis according to Student^s method of the differences in hiological 
values between the proteins of dry skim-milk powders and of liquid skim milk 


Statistical item 

Raw 
liquid 
skim 
milk V. 
low-tem¬ 
perature 
powder 
(r. p.) 

Low-tem¬ 
perature 
powder 
(r. p.) V, 
not pre¬ 
heated 
powder 
(s. p.) 

Raw 
liquid 
skim 
milk». 
preheated 
powder 
(s. pO 

Low-tem¬ 
pera ture 
powder 
(r. p.) ». 
preheated 

I powder 
(s.p.) 

Low-tem¬ 
perature 
powder 
(r. p.) V. 
choice 
commer¬ 
cial 

powder 
(r. p.) 

Low-tem-i 
perature 
powder 
(r. P.) P 
slightly 
scorched 
powder 
(r. p.) 

Low-tem¬ 
perature 
powder 
(r. P.) V. 
i scorched 
powder 

1 (r. p.) 

1 

Mean of differences, Af_ 

0.625 

1.7 

7.5 

6.875 

7.8 1 
1.6 ^ 

21.6 

18.2 

3.25 

Standard deviation of difl'er- 
enees, s- ___ 

4.22 

4.24 

3.54 

3.14 

2.32 

Probability, P—.. 

.35 

.13 

.0004 

.0003 

<.0019 

<.0019 

.0019 



TOTAL EFFECT OP DRYING UPON THE NUTRITIVE VALUE OF SKIM-MILK PROTEINS 

The relative protein values of the various milk samples tested, 
which take account of differences in digestibility of protein as well as 
differences in biological value, have been computed and the results 
are presented in table 9. These values, listed in the last column 
of the table, are expressed in percentages, the value of raw liquid 
skim milk being taken as 100. From these values it appears that 
skim milk may be dried with a loss in protein value of only 5 percent 
or less, but that by the ordinary processes of commercial drying losses 
of 9 to 11 percent occur, and if there is perceptible scorching through 
careless management the loss may be 30 percent. 

Table 9. —Relative protein values of the different milk samples tested ^ 


Sample 

Aver¬ 
age 
true 
digesti¬ 
bility 
of pro¬ 
tein j 

! 

Aver¬ 

age 

bio¬ 

logical 

value 

Rela¬ 

tive 

protein 

value 

Sample 

i 

Aver¬ 
age 
true 
digesti¬ 
bility 
of pro¬ 
tein 

Aver¬ 

age 

bio¬ 

logical 

value 

Rela¬ 

tive 

protein 

value 


Percent 

Percent 

Percent 


Percent 

Percent 

Percent 

Raw liquid skim milk— 

95 

90 

100 

Spray-process powders: 




RoUffl:-process powders: 




Not preheated. 

92 

88 

95 

Low temperature—- 

91 

89 

95 

Preheated. 

95 

82 

91 

Choice commercial.. 

93 

82 

89 





Slightly scorched-—. 

89 

68 

71 





Scorched... 

81 

70 

66 






i Expressed as percentages with the relative protein value for raw liquid skim milk taken as 100. 

Thus, the data obtained demonstrate a point of tremendous prac¬ 
tical importance, namely, that the proteins of milk are very sensitive 
to heat with respect to their value in nutrition, and that considerable 
losses in protein efficiency may be incurred unless the time of exposure 
to heat and the intensity of the heat are carefully controlled. In this 
respect the requirements for the Iiighest engineering efficiency may 
conffict with the requirements for the highest quality of product, and 
the dry-milk industry must decide which requirements are paramount. 

SEAT OP INJURY TO THE PROTEINS OP MILK PRODUCED BY DRYING IN TERMS OP 
THE CONSTITUENT AMINO ACIDS 

Having established the existence of definite deterioration of skim- 
milk proteins during commercial drying processes, as well as the 
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extent of sucli deterioration, the next step in the investigation was to 
discover, if possible, which of the constituent amino acids was involved 
in the successive decreases in nutritive value as the severity of the 
drying process was intensified. Such information would be afforded 
by a study of the amino acids hmiting the nutritive values of the 
various samples of skim-milk powders. 

In this study the paired-feeding method was used to compare the 
growth-promoting powers of rations containing the various milk 
powders as the sole source of protein and the same rations with small 
supplements (0.3 percent) of selected amino acids. The rations all 
contained enough of the milk powders (23 to 27 percent) to supply 
approximately 9 percent of protein, 4.5 or 5.0 percent of the Wes¬ 
son {16) modification of the Osborne and Mendel salt mixture, 1 per¬ 
cent of NaCl, 10 or 12 percent of sucrose, 2 percent of cod-liver oil, 
8 percent of butterfat, 10 or 12 percent of lard, and enough starch to 
make 100 percent. Vitamins B and G were supphed extra as Harris 
yeast vitamin powder. 

The deficiency of the low-temperature (r. p.) powder in cystine was 
readily demonstrated in a 14-day feeding test with eight pairs of rats. 
In this short period the rat in each pair given the cystine supplement 
gained more in weight than its pair mate on the unsupplemented diet 
on the same amount of food and attained a greater body length. 
The average excess gain by the test rats was 7.37 g, the standard 
deviation of excess gains was 2.75 g, and the probability that for¬ 
tuitous factors would have produced so consistent an outcome is 
only 0.0001, according to Student’s {15) probability tables. ^ The 
average difference in body length was 5.50 mm, the standard deviation 
of differences 3.94 mm, and the probability of a chance outcome 
only 0.0038. 

That preheated skim-milk (s. p.) powder is also deficient in cystine 
had been previously demonstrated by Mitchell and Beadles (P), the 
skim-milk powder used being of this description. 

The evidence thus far adduced indicates that the initial drop of 
about 9 to 11 percent in the nutritive value of skim-milk proteins 
during drying by prevailing commercial methods must be the result 
of a destruction of cystine, since cystine is still the amino acid limiting 
the biological value of commercial skim-milk powders. However, 
the growth-promoting value of the slightly scorched (r. p.) powder 
was not improved by a cystine supplement. Eight pairs of rats were 
used in this test, and at the end of 2 weeks the gains of pair mates 
were very nearly the same, being exactly equal in 2 pairs, only 1 g apart 
in 4 pairs, 2 g apart in 1 pair, and 5 g apart in the remaining pair. 
The rats receiving cystine supplements gained more than their control 
mates on the same amount of food in only 2 pairs. At this ;point in 
the feeding experiment the control rats, previously consummg the 
unsupplemented diet, were given a supplement of lysine dihydro¬ 
chloride equal to 0.3 percent of the basal diet. The other rats in each 
pair continued on the basal diet plus cystine. 

Three weeks after this change in plan was put into effect, the rats 
receiving the lysine supplement had exceeded in gain their pair mates 
receiving the cystine supplement in all of the 8 pairs and had also 
attained to greater body lengths in all pairs. The average difference 
in gain between pair mates was 6.37 g, the standard deviation of 
differences 2.19 g, and the probability that a purely random com- 
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bination of factors common to both pak mates would produce as 
consistent an outcome as this is negligible, amounting to less than 
0.0001. The average difference in body length (from nose to root of 
tail) is 5.25 mm, the standard deviation of differences, 3.23 mm, and 
the desired probability only 0.0018, again entirely negligible. Body 
length nieasui-ements, somewhat more surely than _ body weight 
measurements, are reliable criteria of growth, and in tiffs case demon¬ 
strate beyond question that a lysine supplement to the proteins con¬ 
tained in the shghtly scorched skim-milk powder mcreased their 
growth-promoting value. The complete data of this test will be 
found in table 10. 

Table 10 .—Effects of supplements of cystine alone for 2 weeks and of cysime and 

lysine for d weeks on the growth-promoting value of slightly scorched skim-milk 

■powder (r. p.) 


Results of tlie first 2 weelrs of feeding 


Results of the last 3 weeks of feeding 


Pair no. and diet or 
aupplenienc 

Total 

food 

‘S *3 

Final 

weight 

Gain 

Pair no. and supple¬ 
ment 

Total 

food 

Initial 

weight 

Final 

weight 

Gain 

Body 

length 

Pair 1, females: 

S 


Q 

g 

Pair 1, females: 

9 

Q 

9 

9 

mm 

Basal only_ 

109 

63 

87 

24 

Lysine. 

164 

87 

118 

31 

182 

173 

Cvstine-J _ 

109 

58 

82 

74 

24 

Cvstine.— 

164 

82 

106 

24 

Pair 2, females: 

Basal only_ 

97 

.56 

18 

17 

Pair 2, females: 

L^'sine_ 

180 

178 

74 

73 

111 

37 

175 


97 

56 

73 

Cystine_ 

108 

35 

109 

Pair 3, females: 

Basal only. 


48 

62 

14 

Pair 3, females: 

Lysine_ 

142 

62 

93 

31 

163 

Cystine .1_. 

77 

48 

61 

13 

Cystine... 

144 

61 

88 

27 

160 

Pair 4, females: 

Basal only.- 

85 

46 

47 

62 

16 

Pair 4, females: 

Lysine_ 

148 

62 

91 

29 

163 

Cystine. 

8.5 

64 

17 

Cystine. 

148 

64 

86 

22 

159 

Pair 5, females: 

Basal only. 

1 103 

51 

74 

23 

Pair 5, females: 
Lysine. 

186 

74 

114 

40 

173 

Cystine. 

103 

49 

67 

18 

' Cystine. 

186 

67 

99 

32 

167 

Pair 6, females: 

Basal only __ 

1 102 

i 

I 63 

70 

1 17 

; Pair 6, females: 

Lysine_ 

i 170 

1 70 

103 

33 

24 

168 

Cystine_ 

1 102 

1 54 

i 69 


CTStine_ 

‘ 170 

* 69 

93 

166 

Pair 7, females: 

Basal only. 

! 108 

53 

i 75 

22 i 

: Pair 7, females: 
Lysine. 

i 184 

■ 75 

1 

; 112 

37 

176 

Cystine. 

i 108 

51 

: 73 

22 i 

Cvstine. 

i 184 

73 

102 

29 

165 

Pair 8, females: 

Basal only. 

1 % 

47 

1 

i 67 

I ! 

I 20 ! 

Pair 8, females: 

Lysine. 

204 

67 

115 

48 

172 

Cystine. 

1 96 

48 

1 69 

I "i 

Cystine. 

i 204 

1 69 

i 

111 ! 

i 

42 

171 


The sample of scorched skim-milk powder (r. p.), by similar paired- 
feediiig testSj was found not to be improyed in growth-promo ting 
properties by supplements of cystine, histidine, or tryptophane. 
However, yrhen supplemented by lysine, this sample, like the slightly 
scorched sample, e:5^bited a clear improvement in its power to pro¬ 
mote growth. Only four pairs of rats were used in this test, with the 
results summarized in table 11. In each pah, the rat receiving the 
lysine supplement gained the faster and attained the greater body 
length. In spite of the fact that only four pairs of rats were used, 
the results are quite higldy significant. Thus, the average difference 
in gain between pair mates w^as 7.75 g, the standard deviation of 
differences 4.09 g, and the probability of a fortuitous outcome, only 
0.026. The average diffemnce in body length was 5.75 mm, the 
standard deviation of differences 2.86 mm, and the desired prob¬ 
ability only 0.020. 
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Table 11. —Effect of a lysine supplement on the growth-promoting value of the 
proteins of scorched shim-milk powder (r. p.) 


Pair no. and diet or supplement 

[ 1 

Total ! 
food ’ 

Initial 

weight 

Pinal 

weight 

Gain 

Body 

length 

Pair 1, females; 

Grams 

Grams 

Grams 

Grams 

Millime- 

ters 

Basal only—-. 

310 

59 i 

89 

30 

161 

Lysine...-. 

307 

57 

88 

31 

163 

Pair 2, females; 






Basal only. 

359 

61 

94 

33 

163 

Lysine....-... 

359 

61 

105 1 

44 

172 

Pair 3, females; 






Basal only,.-...... 

278 

49 

72 

23 

153 

Lysine—.... 

278 

49 

80 

31 

1 157 

Pair 4, females; 






Basal only....... 

285 

55 

i 72 

17 

154 

Lysine.—.-...-. 

285 

55 

1 83 

28 

162 


From this series of paired-feeding experiments it appears that the 
initial stages of the destruction of milk proteins by heat, occurring 
during the drying according to prevailing commercial processes, 
involves, and is the direct result of, a destruction of cystine, but that 
the later stages, from the initiation of perceptible scorching to the 
production of a thoroughly scorched product, involve a more rapid 
destruction of lysine than of cystine. This is a finding of_ consider¬ 
able practical importance, since the value of milk proteins in supple¬ 
menting the proteins of the cereal grains is the result of the deficiency 
of the latter in lysine and of the presence in the former of abundant 
proportions of this amino acid. Hence, scorched skim-milk powders, 
merchandisable only for animal feeding, would not possess this 
supplementing capacity. 

CONCLUSIONS 

The proteins of mdlk are very sensitive to the intensities and dura¬ 
tions of heat treatment employed in commercial drying. However, 
it is possible to dry skim imk with commercial equipment without 
appreciably affecting its energy value or the nutritive value of its 
proteins. In the preparation of choice commercial roller-process 
powders, or of preheated spray-process powders, the biological value 
of the protein is lowered about 8 percent (from 90 to 82), although its 
digestibility is not appreciably affected. If preheating is omitted in 
the spray-^ying process this reduction in nutritive value of the mfik 
proteins does not occur. Since cystine is the amino acid limiting 
the biological value of the proteins of choice commercial roller-process 
powder and preheated spray-process powder, as weU as of the original 
milk, it may be concluded that this initial decline in biological value 
of milk proteins is due to a partial destruction of cystine. 

As the temperature of drying iii the roller process is increased imtfi 
perceptible scorching occms the biological value of the milk proteins is 
rapidly lowered from 82 to 70 or loss. The scorched products thus 
obtained are no longer benefited by cystine ad^tions, but they do 
respond to lysine additions in increased nutritive value of their 
proteins. Hence the rapid change in mi lk proteins at the scorclmg 
point (or earlier) is primarily a result of the destruction of lysine. 
Such products, therefore, are of no value as supplements to the pro¬ 
teins of cereal grains. The digestibility of the milk proteins is also 
lowered at the scorching point in the roller-drying process, the extent 
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of lowering increasing more rapidly with the degree of scorching than 
the reduction in hiological value. 

Howeverj even vdtli extreme scorching, the net-energy value ap¬ 
pears to be but slightly (if at all) affected. Apparently the protein 
disintegration occasioned by scorching conditions does not impair 
appreciably the value of the protein as a source of energy to the body. 

The solubility of the total solids and the nitrogen of dry skim-milk 
powders is greater for spray-process than for roller-process powders 
and decreases in the latter with the intensity of the drying conditions. 
The spray-process powders gave a higher percentage of brightness 
than the roller-process powders when colois were analyzed, and 
in general brightness decreased as the heat increased. These solu¬ 
bility differences and color differences, however, are not reliable 
criteria of the changes occurring in the nutritive value of the proteins. 
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EVALUATION OF LENGTH MEASUREMENT IN AN 
EXPERIMENT WITH APPLE TREES» 

By F. C, Bradford, research associate in horticnlturej Michigan Agricultural Experi¬ 
ment Station^ and Lloyd E. Joley, graduate student, Michigan State College 

INTRODUCTION 

Adequate measurement of experimentally induced differences in 
fruit trees is rarely attained. Yields obviously constitute the results 
of greatest ultimate interest, but unsupported yield records usually 
tell little about the precise mechanism by which the yields were 
secured and consequently have limited value as indicators of the 
general applicability of the results. Wood-growth measurements 
may represent in some degree what the tree has done, but leaf surface 
may be a better indicator of what it is about to do. Quantitative 
measurements of any sort, whether of wood growth, spur number, 
or leaf surface, present incomplete pictures since they do not well 
represent distribution, and the experienced fruit grower or investigator 
may have some justification for his behef that his eyes will tell him 
more about a tree than any amount of data will reveal. 

Quantitative measurements, nevertheless, are obviously necessary, 
and the realization of their imperfections should only stimulate study 
leading to their improvement. Though no one index figure may ever 
be attained that wdll express all the performance and potentiality 
of a tree, various standards may be used to represent it at various 
stages, and each should be improved as far as possible. 

The best measure of accomplished vegetative growth is generally 
considered to be the weight of dry matter produced. ^ Since complete 
determination of this manifestly terminates an experiment, some sort 
of measurements of size seems to be the best means of gaging growth 
that is possible in many cases. Trunk girth measurements are of 
imdoubted value, particularly in trees not yet bearing, but have 
inherent limitations in the relatively ^eat importance of small errors 
in measurements as well as difficulties of execution due to trunk 
excentricity, sunscald, wounds, proximity of scaffold limbs, etc. 
Consequently length has been widely used. 

In actual appHcation, however, length measurement may present 
complications. On large trees enough analogous shoots may be chosen 
to yield a constant average, i. e., one that is not rnodified by duplicate 
sampling. Any comparison of trees made by this standard is predi¬ 
cated on the assumption, usually not estabhshed, that the number of 
comparable shoots is identical. For a short time after experimental 
differences, as for example by soil treatments, have been produced, 
this assumption is justifiable; in pruning experiments of any duration 
and after several years of soil treatments it is questionable. The 
possible fallaciousness of mean growth is illustrated by some measure¬ 
ments on young apple trees, where aU growths of 10 cm, or over, in 
1934 were recorded. Two trees had identical means, 50.2 cm, but 
on one this was an average of 20 shoots, while, on the other, 29 shoots 

1 Received for publication July 10,1935: issued February 1936. Jaurnal article no. 227 (n. s.) from tbe 
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contributed to tbe average; the respective total growths (for 1934) 
were 1,004 and 1,456 cm. This being true, its converse may be antic¬ 
ipated; the writers' records show another pair of trees with total 
growths of 833 and 836 cm, respectively, representing the total lengths 
of 18 shoots in the former and of 40 in the latter, with consequent 
respective averages of 46.3 and 20.9 cm. 

Total length is an unreliable measure of growth, if weight is a good 
measure. Weights of 1-year shoots are not directly proportional to 
their lengths, where differences of much consequence exist. The mean 
fresh weights per linear centimeter in dormant 1-year shoots of Red 
Canada (Steele Red) (samples of 25 to 30 specimens each) varied 
with length, as follows: 25 cm, 0.09 g; 35 cm, 0.12 g; 45 cm, 0.14 g; 
55 cm, 0.17 g; 65 cm, 0.21 g. In the pair of trees just mentioned, 
having 833 and 836 cm, respectively, of total growth in 1934, the 
actual weight of new wood in the former was 34 percent greater than 
in the latter. In the pair of trees mentioned first, the one with 1,456 
cm total growth had not produced merely 45 percent more weight 
than the one with 1,004 cm—^it had virtually doubled it. Even more 
surprisingly, simple total-length measurements can make the smaller 
appear to be the larger, as wiU be shown presently. 

Greater accuracy in application of length measiuements might be 
expected from the use of a scale which made allowance for an increas¬ 
ing weight per unit of length as length increases. The applicability 
of any graduated scale of this sort oWously depends in considerable 
degree on the variability of the material. An account of the construc¬ 
tion of two graduated scales and their application to specimens of 
known weight and to trees under experimental treatment follows. 

MATERIAL AND METHOD 

The material used was taken from Red Canada apple trees in their 
second and third seasons in the orchard of the Michigan Agricultural 
Experiment Station at East Lansing. These trees are pruned only to 
secure proper spacing of scaffold limbs and receive little or no tipping 
back; consequently the prunings contain the full season's growth of 
the shoots removed. While these trees still appeared completely 
dormant in March 1935, the re^ar pruning was done, and the 
prunings from each tree were tied in a bundle and tagged. The total 
weight and the weight of the 1934 wood were recorded in the labora¬ 
tory for each bundle, and each shoot was measured. All shoots of 
1934 growth were then assembled, sorted into length classes (10-cm 
intervals), the weight of each class was determined, and the com¬ 
ponent shoots were counted. The means thus secured constitute the 
scale here called graduated scale A. 

The values on this scale, when graphed, fitted rather well the 
equation— 

A^=3.1 Y 

where X equals the length in centimeters and Y the weight in grams. 
Individual weights and lengths of 1,428 of these shoots showed a 
straight-line correlation coefficient of 0.32±0.016. Computed from 
deviations from the values in the equation A^=3.1 F, the index of 
correlation ^ was 0.93, indicating the closer fit of the parabola. 



Dee. 15, 1935 Evaluatwn of Length Measurement with Apple Trees 1125 


Since the weight values assigned in scale A change abruptly and 
considerably (table 1) another scale, called B, assigning values to 
each centimeter increase in length, was constructed by smoothing 
1,428 pcords of individual weights and lengths. These, when tabu¬ 
lated for each centimeter of length, beginning with 21 cm, exhibited 
rather striking uniformity. For example, the probable error of 
weights of shoots 25 cm long was 3.11 percent of the mean; for shoots 
35 cm long it was 2.38 percent; and for 65 cm, 1.89 percent. The 
values used in the scale were moving averages, smoothed slightly; 
for values below 21 cm scale A was used. 

To bring simple length measurements into a denomination com¬ 
parable with the graduated scales, the mean w^eight per centimeter of 
all shoots studied, 0.17022 g, was shortened to 0.17, and all lengths 
were multiplied by this factor; this constitutes the simple scale. 

After length and fresh weight had been determined, all wood was 
dried to constant weight in an oven at 100° C. The dry vreights thus 
determined bore a uniform relationship to the fresh weights and 
showed nothing new. The studies here reported are, therefore, con¬ 
fined to fresh-weight figures. 

To try the accuracy of the three scales, weights of prunings from 
each tree were then calculated by each scale and compared vith the 
actual weights previously recorded (table 2). 

Table 1,— Values used in commuting weight of shoot fro7n length hy scales A and B 

and hy simple weight 


Graduated scale A 

Graduated scale B 

Simple 

weight 

Length 

Weight 

Length 

Weight 

Centimeter 

Grams 

Centimeter 

Grams 

Grams 

n-io 

0.4 




11-20 

1.3 

20 

1.3 

3.4 

21-30 

2.3 

25 

2.2 

4.3 



30 

3.0 

5.1 

31-40 

4.2 

35 

4.2 

6.0 



40 

5.3 

6.8 

41-50 

6.6 

45 

6.3 

7.7 



50 

7.6 

8.5 

51-60 

9.5 

55 

9.3 

9.4 



60 

11.1 

10.2 

61-70 

13.0 

65 

12.9 

11.1 



70 

15.1 

11.9 

71-SO 

18.0 

75 

18.1 

i 12.8 



80 

21.1 

13.6 

81-90 

23,5 

85 

24.8 

14.5 



90 

I 28.3 

15.3 

91-100 

32.4 

95 

31.4 

16.2 



100 

I 34.6 

17.0 

100-110 

40.5 

105 

I 37.4 

17.9 



no 


18.7 


Individual records from four pairs of trees are shown in table 2 as 
illustrative of the varying significance of length measurements. The 
prunings representing trees A and B, judged by simple length measure¬ 
ments, were virtually identical; in actual weight there was a difference 
of nearly 46 percent. Between the prunings from trees 0 and D 
there was a length difference of 41 percent, wmle the weight difference 
was less than 1 percent. Tree E’s prunings were more than 14 per¬ 
cent greater in length, and 14 percent less in weight, than those of 
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tree F. Similarly the shoots removed from tree G were 14 percent 
longer than those of tree H, but weighed 31 percent less. Had these 
shoots remained on the trees and been compared simply on the basis 
of shoot lengtli, some very real difference would have been obscured. 
The graduated scales gave greater accuracy than length measure¬ 
ments in seven of the eight comparisons. 

In some cases the graduated scales give weight indications at con¬ 
siderable variance from the actual. In a large number of determna- 
tions, however, the results secured by these methods approximate 
the actuality rather well. In the 155 cases for which data are avail¬ 
able, scale A gave closer approximation than the simple scale in 69.7 
percent of the cases, and scale B was more accurate than the simple 
scale in 69.4 percent. Deviations as calculated from the actual 
weights by the graduated scales were about half those secured by 
the simple scale, as shown in table 3. 


Table 2. —Effect of length of shoot on weight of loood produced 


Item 

Data for tree— 

A 

B 

C 

D 

E 

E 

G 

H 

Total growth. 

centimeter.. 

507 

503 

463 

328 

800 

698 

647 

566 

Shoots of indicated length in centi* 









meters: 










10-20 

_number.- 

5 


2 


9 

. 

1 


2i-3n . . 

.do_ 

2 


3 


1 


1 


si-4a .. . 

_do_ 


1 


3 

4 


4 

1 

41-50 

.do,... 

3 

1 

p. 

3 

5 

2 

5 


51-fin 

_do_ 


3 



2 

3 

3 

4 

fii-7n 

_do_ 


4 

. 

1 


3 

1 

2 

71-80 . 

.do_ 





1 

1 


1 

si-4in 

_do_ 





1 

2 



m-if¥) 

_ ..do 








1 











Total shoots. 


17 

9 

U 

7 

23 

11 

15 

9 

Calculated weight by- 










Seale A_ _ 

_grams.. 

59.7; 

91.7 

62,7 

45.4 

123.2 

145.7 

95,1 

118.6 

S^e B. 

.T-do— 

60.6 1 

88.1 

53.8 

50.3 

130.4 

151.0 

95.0 

121.5 

Simple. 

.do.... 

86.2 

85.5 

78.7 

55. S 

136.0 

118.7 

110.0 

96.2 

Actual weight. 

-.do— 

03.8 

93.0 

52.5 

52.0 

124.1 

144.6 

96.0 

139. G 


Table 3. —Deviation /rom the actual of weights calculated from length measurement 
bij use of graduated scales and of average weight 


Item 

Seale A 

j Scale B 

Length (centi¬ 
meters) X 0.17 

Cases 

Mean 

devia¬ 

tion 

Cases 

: Mean 
devia¬ 
tion 

Cases 

Mean 

devia¬ 

tion 

Deviations; ! 

Above actual..i 

dumber 

72 

83 

Grams 

3.75 

5.75 

Number 

57 

96 

Grams 

4,23 

6.98 

Number 

103 

51 

Grams 

8.45 

15.82 

Below actual-.---t__ 

Total.A,*.i 

155 


1153 


3 154 


Error-.—_..percent—' 



_ 



4.8 

7.7 


5.3 

8.4 


10,8 

17.2 

Percentage error.-_!...^ 









t No deviation in 2 .cases and in 1 case, respectively. 
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For the entire group the several coefficients of variability of prun- 
ings, tree by tree, were: Length, 0.63; actual weight, 0,74; scale A, 
0.71; scale B, 0.74. 

Both graduated scales underestimate weight more frequently than 
they overestimate it, and the margin of error is greater in under¬ 
estimation than in overestimation. Comparison of the 9 cases of 
greatest overestimation by scale A with the 10 cases of greatest 
underestimation by this method shows that overestimation occurred 
predominantly in cases involving longer growths, underestimation in 
cases in which shorter growths were more numerous. In the cases 
of greatest overestimation the percentage of shoots measuring under 
31 cm was 12,8; in those of greatest underestimation it was 25.5; in 
overestimation the percentage of shoots over 70 cm was 20.2, while 
in underestimation it was 7.8. 

Whether the pmning, which was done solely to secure proper spac¬ 
ing of scaffold limbs, removed samples which were representative, and 
whether the differences found in prunings would be paralleled if all 
growths, pruned and impruned, were considered, is answered affirma¬ 
tively by the data (table 4). The overturnings in relative standings 
here are similar to those shown in the primings. 


Table 4. —Relative rankings of trees on bases of measured length and calculated 
weight of all 1934- growths over 9 cm in length 


Tree 

Length 

growth 

Calcu¬ 

lated 

weight 

Eelative rank 
for— 

Frequency distribution of shoots of length indicated 

Length 

Weight 

10 

cm 

11- 

20 

cm 

21- 

30 

cm 

31- 

40 

cm 

41- 

50 

cm 

51- 

60 

cm 

61- 

70 

cm 

71- 

80 

cm 

81- 

90 

cm 

91- 

100 

cm 

Total 


Centi’ 














Num- 


meters 

Grams 













ber 

A. 

882 

99 

1 

12 

2 

25 

7 

3 

3 



1 



41 

B. 

878 

146 

2 

2 

1 

5 

5 

2 

1 

3 

5 

1 



23 

C. 

i 876 

140 

3 

3 


3 


1 

7 

6 

2 




19 

D 

870 

104 

4 

10 

1 

18 

7 

4 

4 

2 





36 

E. 

869 

117 

5 


2 

6 

1 

9 

6 

3 





27 

E. 

843 

135 

a 

6 


1 

1 

4 

5 

4 

2 




17 

G. 

839 

69 

7 

13 

--- 

41 

5 








54 

H. 

838 

112 

8 

! 9 


3 

8 

---- 



~"i" 




23 

r . 1 

837 

102 

9 

i n 

"4" 

20 

11 

i 1 

2 

1 


‘'T! 



‘ 40 

j . 

834 

137 

10 

5 i 


3 


: 1 

I 4 ! 

8 

2 

! ; 

11" 


18 

K.i 

823 i 

116 

11 

S ' 


1 


8 

4 ! 

2 

2 




21 

L_.-.: 

821 ! 

162 

12 

1 i 


1 

1 

1 

1 2 

4 

4 i 

"T' 


1 1 

15 

M . 1 

803 

138 

13 

4 




2 

i ^ 

9 ■ 

1 

1 



15 














i”"i 




Finally, the question must be considered whether compensating 
error may not, in comparisons involving fair numbers of trees, offset 
the differences appearing in comparisons involving a few trees. In 
some cases it plainly does offset these differences. For example, 
all trees (27), making 1934 growths between 600 and 699 cm and aU 
(17) making growths between 800 and 899 cm were compared. In 
average length the latter group exceeded the former by 30.3 percent; 
in the calcidated weight the difference was 31.6 percent in the same 
direction. Likewise, a lot of 24 trees on one interstock, in their second 
year in the orchard, exceeded a lot of 44 trees worked dhectly on 
seedlings by 30 percent in length growth and by 26.5 percent in weight; 
in neither case was the difference over three times the probable error 
of the difference. 

27052--36-6 
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On the other hand, rather important differences appear in another 
groiip^ a year olderj in which the magnitude of relationships indicated 
by the two standards shifts (table 5). There is no change of conse¬ 
quence in ranking, but the change in degree of difference is consider¬ 
able. Lot A^s superiority over lot D is increased, while lot B's margin 
over lot D, of doubtful statistical significance on the basis of length 
measurements, is fmdher reduced by reference to the weight basis. 


Table 5. — Co 7 nparison of 1934 growth of lots of Red Canada apple trees on bases of 
observed length and of calculated weight 


Lot 


Length 

Weight 

Percentage of lot D 

Trees 

Mean 
per tree 

Probable 

error 

Mean 
per tree 

Probable 

error 

Length 

Weight 



Centi- 

Cenfh 






Number 

meters 

meters 

Grams 

! Grams 



A... 

19 

1,373 

105.6 

223 

1 18.6 

161 

169 

B. 1 

17 

1,032 

97.8 

140 

16.4 

121 

107 

C.1 

37 

957 

56.0 

139 

9.7 

112 

106 

D ...^ 

19 

855 

85.2 

131 

14.4 



E. 

16 

847 

85.0 

132 

14.2 

99 

101 


DISCUSSION 

The greater accuracy attained by interpreting growth in terms of 
weight seems to w^'arrant its consideration in studies involving length 
measurements, at least in young trees. In some, perhaps in most, 
cases, little change will be made from results recorded as simple 
length measurements, but the other cases are likely, for this reason, 
to be important enough to repay examination of aU. In mature trees 
it seems unlikely to be of great usefulness, since other standards, 
such as spur production, spur performance, and yield are more valu¬ 
able,”' As a means of comparing response of different varieties it seems 
promising. In interpretation of growths in the nursery it is partic¬ 
ularly valuable, ^ 

Obviously, this method can be applied only to wood of most recent 
growth. The weight of 2-year-old wmod is affected by the growth 
made in two seasons; in older wood the weight is a still more compli¬ 
cated product. 

Thejabor involved in use of the graduated scale need not be much 
greater than that involved in simple length measurements. Once the 
values are established for each variety and condition, a meter stick 
can be recalibrated to read directly in grams and the measurements 
recorded directly, with no increase whatever in labor of recording or 
calculation. 









THE DETERMINATION AND IMPORTANCE OF THE CON¬ 
DITION OF THE FIRM ALBUMEN IN STUDIES OF EGG- 
WHITE QUALITY^ 

By A. Van Wagbnen, assistant 'poultry hushandrnan, and H. S. Wilgus, Jr., 
investigator in poultry nutrition^ New York {Cornell) Agricultural Experiment 
Station - 

INTRODUCTION 

The demand by consumers for eggs of high quality^ as shown by 
market surveys, is reflected in the increasing stress that is being laid 
on this factor and its measurement in experimental work conducted 
on poultry. While candling is the basis for establishing the market 
value of eggs, it is too indefinite to be of more than superficial value 
in research. Therefore, it has been necessary to study the component 
parts of the egg. Various investigators have used one or more of the 
following measurements as criteria of egg quality exclusive of nutri¬ 
tive value; The size of egg; the thickness or strength, porosity, tex¬ 
ture, and color of the shell; the color, dimensions, conmtion, flavor, 
and odor of the yolk; and the color, relative volume or weight of the 
various layers of the albumen, and condition of the firm albumen. 

The importance of most of these factors has been generally accepted 
by the majority of investigators.^ Most workers have used the rela¬ 
tive proportions of firm and thin albumen as the sole criterion of 
albumen quality. The determination of the observed condition, or 
firmness, of the firm albumen, however, has not received proper 
recognition. The term ^^firm albumen’^ is used throughout this 
paper to refer to the '^true thick albumen^^ as defined by Sharp (17)'^ 
imless otherwise specifically noted. 

It is generally agreed that consumers prefer an egg for table use 
which holds together well and cooks evenly throughout. The ability 
of an egg to meet these requirements depends not only upon the 
quantity of firm albumen but also upon its firnmess, body, or condi¬ 
tion. There is also the strong probability that this condition of the 
firm albumen plays an important part in determining the candling 
properties of the egg, particularly in controlling the apparent mobility, 
or swing, of the yolk (10). On the other hand, Almquist (1) has 
found little correlation between the quantity of firm albumen and the 
apparent mobihty of the yolk. Pennington et al. (14) found no 
relationship between the percentage of thick white and either the 
candled grade or the yolk index. The reason that no measure of the 
condition of firm albumen has been generally used in studies of egg 
quality is undoubtedly that the various physicochemical components 
which constitute it have not yet been established. However, this is 
no justification for ignoring an estimation of a factor which plays such 

1 Received for publication May 13, 1935; issued February 1936. 

^ The writers wish to acknowledge the cooperation of the Grange League Federation Exchange^ Inc., of 
Ithaca, N, Y., which supported that part of this investigation undertaken by H. S. Wilgus, Ir., through the 
establishment of a temporary investigatorship at Cornell University. They also wish to acknowledge 
the assistance of H. E. Botsford, J. M. Gwin, J. C. Huttar, and E. Y. Smith in candling the eg^ used In 
this study, 
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an important part in determining the desirability of eggs from the 
viewpoint of the consumer and probably of the market man. 

The nature of the firm albumen has been subjected to some investi¬ 
gation. It appears unlikely from the work of Almquist and Lorens 
{4) and of Bronkhorst {6) that the difference between firm and thin 
albumen is entirely chemical. The findings of St. John and Green 
{15) and of Almquist and Lorenz (S) strongly suggest that the differ¬ 
ence is chiefly a physical one. The latter authors believe that the 
structure of the firm albumen is due to fibers of ovomucin. Later, 
McNally {12) and Almquist, Givens, and Klose {2) showed that the 
firm albumen contains more ovomucin than the other layers. The 
findings of the latter authors indicated that photometric methods 
might be used to detect differences due to the effect, presumably of 
ovomucin, upon the transmission of light. Such measurements, 
however, must be correlated with the condition of the firm white as 
noted by observation. Such an observation necessitates a fixed 
score capable of reproducible results and of universal application. 

A method of scoring the condition of the firm albumen was first 
used by Sharp {16), but he has only recently described and partially 
illustrated it {17). It is the purpose of this paper to illustrate this 
method more completely, to present further evidence of its impor¬ 
tance, and to extend preliminary data presented by the authors {19) 
showing that there is not necessarily a correlation betvreen the con¬ 
dition and the quantity of the firm layer. 

EXPERIMENTAL METHODS 

In the first part of this study, photographs were taken to illustrate 
the score for the condition of the firm albumen. The pictures shown 
in figure 1 were all taken of freshly laid eggs from pullets of the Cornell 
strain of Single Comb White Leghorns but represent conditions of 
the firm albumen encountered in both fresh and held eggs. The 
scores run from 1.0 to 5.0, as was suggested by Sharp, with intervals 
of 0.5. In using this method, it was soon found that the scores could 
be determined accurately by intervals of 0.25. Both top and side 
(silhouette) views w^ere taken of each egg to illustrate the way the 
albiunen stood up and was distributed around and over the yolk. 
Each egg illustrates the lower limit for its group range; thus the egg 
marked 1,0 is the poorest egg that may be scored 1.0. The egg illus¬ 
trating 5.0 is the lowest score, since no thick albumen is discernible. 

The two chief factors in tliis observation are the outline of the firm 
albumen viewed from the top, and the outline viewed from the side. 
The firm albumen in an egg with the best score is concentrated around 
and over the yolk and tends to occupy the least possible area on the 
plate. From the top view its outline appears to be ovoid. As the 
score increases, the firm white spreads and the outline tends to become 
more irregular. That of 2.5 is generally the first to show this 
markedly. In this case, a definite tendency toward a rupture of the 
firm albumen is noticeable. The firm layer of an egg with the score 
of 3.0 is usually about to rupture, or has just ruptured, allowing the 
inner thin albumen to mix with the^ outer thin albumen. From the 
side view, the outline shows no distinct break in sweep between the 
yolk and the firm albiunen in the best egg. As the score increases, 
the firm white flattens and spreads out and the angle between the yolk 
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and albumen appears and becomes sharper until it approaches 90^, 
This occurs at about the time of rupture of the firm-albumen sac. 

The score of the observed condition of the firm albumen considers 
the apparent thick white described by Sharp (17). This includes 
both the true thick and the inner thin albumen up to the point of 
rupture of the thick-albumen sac. From this point (score 3.0) on, 
only the true thick albumen, chiefly structural albumen, is scored 
since the inner thin layer has escaped. 



Figure 1. —Fresbiy laid pullet eggs of the Cornell strain of Single Comb White Leghorns scoring 1,0 to 5.0 
on the scale suggested by Sharp, showing intervals of 0.5. The eggs shown represent group minima. 

In a few instances in which further definition is desirable in exactly 
placing the score of an egg, the so-called ^‘body ” or consistency of the 
firm albumen may be further determined. This has been done by 
pouring the firm albumen slowly over the^edge of a container and 
noting its plasticity while retaining the^yolk in the container. When 
quantitative measurements of the albumen are desired, they may be 
made according to the Sharp {17) method of separation by noting the 
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difficulty with, wliicli tlie firm albumen enters the pipette, or according 
to the Lorenz and Almquist method (11) by noting the apparent 
plasticity in transferring the egg from the scoring dish to the screen. 
By observation with candling, using New York State retail grades (S), 
grade Fancy eggs generally score from 1 to 2 when broken out, grade 
A from 2 to 3, grade B from 3 to 4, and grade C from 4 to 5, but with 
considerable overlapping. 

In the second part of this study, a comparison was made between 
observed condition of the firm albumen and those factors in candling 
which would seem to be most closely correlated with albumen condi¬ 
tion, in order to determine the relationship between the score for 
observed condition of the firm albumen and candling quality. A total 
of 199 eggs was used. These were obtained from several up-Stafce 
New York City markets and included some fresh eggs from the experi¬ 
ment station flock. Four experienced candlers scored these eggs, and 
their results were averaged. There was quite regular agreement 
among the candlers as to the scores for the various factors used. 
Yolk visibility was scored from 1, for practically invisible yolk shadow, 
to 4, for a plainly visible yolk shadow. Yolk mobility was scored 
from 1, for very slight mobility, to 3, for freely mobile yolk shadow. 
The grades used were from 1 to 8, based upon the New York State 
retail grades for eggs as described in detail elsewhere (5). Eggs were 
scored as being high or low within each of the New York State grades 
Fancy, A, B, and C; thus making a complete score of eight grades. 
No inedible eggs, as detected before the candle, were used. The eggs 
were opened immediately after candling and were scored for observed 
condition of the firm albumen and for yolk color as hereinafter 
described. 

In the third part of this investigation, correlations were made 
between the relative volumes of the three principal layers of albumen 
obtained as previously briefly described (19) and the observed con¬ 
dition of the firm albumen. This was done with data obtained in 
routine studies in this department on the effect of breeding and feed¬ 
ing upon interior egg quality. 

AH of the 4,796 eggs studied were from the Cornell strain of Single 
Comb White Leghorn pullets. All of them were examined on the 
day that they were laid. Each was carefully broken into a Petri 
dish, preferably one of 15 cm diameter. If the firm albumen was 
unruptured, the outer layer of thin albumen was removed into a 
graduated cylinder by means of a 25-cc pipette. The pipette had 
a bore of approximately 4 mm, with the tip broken off and the broken 
end fire-polished. The observed condition of the firm albumen was 
then noted. Next, this was torn to allow the inner layer of thin 
albumen to escape. The firm layer was removed from the side 
opposite the rupture by dmwing it into the pipette and was placed 
in another graduated cylinder. The chalazae and the removable 
portions of the inner layer of thick albumen, usually very slight, were 
mcluded in this fraction. Finally, the inner thin layer was removed 
to a ttod cylinder. By careful manipulation, accurate and rapid 
determinations may be made in this manner. The use of moistened 
cylinders, dishes, and pipettes reduces the error of drainage and 
speeds up the work. 

The yolk was then transferred to a smaller, perfectly flat-bottomed 
Petri dish for color determination (by the Sharp standards), for yolk- 
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index measurements (18), and, finally, for weight determination. 
When the firm albumen was found to be in the naturally ruptured 
state, the observed condition was taken first, and then the firm albu¬ 
men and finally the combined layers of thin albumen were removed. 

EXPERIMENTAL DATA AND DISCUSSION 

The results showing the means and correlations obtained between 
the candlers’ score and the opened egg score of the factors s"tudied 
are given in table 1. The mean observed condition of these eggs 
was considerably below that of 1.76 found for fresh eggs as shown 
in table 2. In every case, a significant positive correlation was 
foimd between the observed condition of the firm albumen and the 
yolk shadow visibility, yolk shadow mobility, and candlers’ grade. 
This, therefore, indicates that the condition of the fium albumen is 
closely related to those factors used in determining the candling 
quality of the egg. In contrast to this is the report of Almquist (i) 
that there is no correlation between the quantity of firm albumen 
and the apparent mobility of the yolk, and the report of Pennington 
et al. ( 14 ) that there is no relationship between the quantity of firm 
albumen and the candled grade. 


Table 1 . —Correlations between candlers^ score and opened-egg score of certain 

factors 


Factors correlated 

Mean 

r±S,E.T 

Observed condition of firm albumen. 

2.45 

1.85 
1.77 
3.66 
58 i 
1.85 


Correlation of observed condition of firm albumen with—- j 

Yolk visibility (l=rioDA to 4=plamly)_ _ __ . _ _ _ _! 

+0.504±0.054 
+ .643± .051 
+ .583zh .048 

Yolk mobility (l=none to 3—freely)___ 

Candlers' grade (1 to 8)--__—.. 

Actual yolk color (00 to 110) sharp standards___ 

Correlation of actual yolk color with yolk visibility (l=none to 4=plainly). 

+ .443± .057 


Table 2 . —Correlations between the observed condition of firm albumen and the 
volume of the various layers of albumen 


Condition of 
firm-albumen 

Eggs 

Factors correlated 


Mean 

T±S.E.r 

sac 







Number 

fObfwrvPd ooTiditioTI ftlbUTTx^U 

1 

i 1.76±0.27 ! 

1 




1 Correlation of observed condition of firm albu- 


Not ruptured—. 

4,631 

men with— 

True firm albumen__ 

.percent. _ 

1 53.7 

■f0.020±0.016 



Outer thin albumen. 

_do_ 

24.4 

- . 0i5=fc . 016 



iD-npiT thin albiimeD 

. _dn ___ 

21.9 

- .006=1= .015 



(Abserved couriitioTi of firm albumf^TY 

3.38±.47 



Correlation of observed condition of firm albu- 


Ruptured_ 

265 

men with— 





True firm albumen. 

.percent.. 

55.2 

- .2l2=b .059 



Total thin albumen 

do_ 

44.8 

+ .178± .059 




3.37±.47 



Correlation of observed condition of firm albu- 


■Hoi 

261 

men with— 





True firm albumen.— 

.percent.. 

55.8 

- .061± .062 



Total thin albumen 

. do_ 

. 44.2 

, 022=1= . 062 


! 



»4 abnormal eggs eliminated. 


It is interesting to note that the correlation between actual yolk 
color and visibility of the yolk shadow is significant but not as high 




























1134 


Journal of Agricultural Research 


Vo!, 51, no. 12 


as that between condition of firm albumen and visibility of the yolk 
shadows Data obtained with this group of eggs support the opinion 
of some investigators that the firm albumen is probably of as much or 
more importance in determining visibility of the yolk shadow than is 
the actual color of the yolk. 

The averages and distribution obtained in the third part of this 
study for the observed condition of the firm albumen and the propor¬ 
tions of the tlmee chief layers of albumen are showm in table 2 and 
figures 2 and 3, respectively. The proportions of the various layers of 

albumen are in general 
agreement with those 
obtained by Almquist 
(i). The amount of 
&m albumen, however, 
is considerably less than 
that reported by Card 
and Sloan (7) and by 
North ifS). It is inter¬ 
esting to note that the 
amount of firm albumen 
was slightly greater in 
the eggs of poor condi¬ 
tion in which the firm 
albumen sac was rup¬ 
tured. This apparent 
increase has also been 
observed, despite a 
decided increase in 
score of condition, in 
eggs from individuals 
producing eggs of 
known interior quality w^hichwnre stored for periods of from 7 to 10 days. 

The firm-albumen sac wns unruptiu-ed in 4,531 of the eggs and per¬ 
mitted the determination of correlations of observed condition of firm 
albumen with the three main layers of albumen. The results, given 
in table 2, show that there was not the least correlation between the 
observed condition of the firm albumen and the proportion of the firm, 
outer thin, or inner thin layers of albumen. 

In the 265 eggs in which this sac was ruptured, the inner thin layer 
W'as mixed with the outer thin, hence these eggs could not be included 
in the larger group. There were slight, though insignificant, correla¬ 
tions between the observed condition of the firm albumen and the 
proportion of firm albumen and the proportion of total thin albumen, 
respectively. These slight trends, however, were due to four eggs 
which possessed an abnormally small amount, or in one case, none, of 
the firm albumen, and correspondingly large amounts of thin albu¬ 
men. With these extraordinary observations eliminated, no correla¬ 
tions existed (table 2). 

These data present conclusive evidence that the proportion of true 
firm albumen, used by many investigators as the sole criterion of 



f.OO 2.00 
CONDITION OF 


3.00 


4.00 

FIRM ALBUMEN (SCORE) 


5.00 


Figuee 2 .-~Distributioii of the scores for the observed condition of 
the firm albumen of 4,796 eggs less than 1 day old. 



Dec. 15 , 1935 Condition of Firm Albumen in Egg-White Quality 1135 


800 


700 


600 


500 


400 


300 


200 


100 


albumen quality, is actually in no way related to the firmness, or 
condition, of the firm albumen. Furthermore, ^ the proportion of 
inner or outer thin albumen is likewise no indication of the condition 
of the firm layer. 

These findings are in general agreement with the observations of 
Sharp {17) on storage eggs. The two studies cannot be directly 
compared, however, since he used what he called “apparent thick 
white'b whereas the present study refers to what he defined as “true 
thick white.” The fact that the score of the observed condition of the 
firm albumen decreases 
during storage {8) and 
the amount of firm 
albumen also decreases 
{9) during storage indi¬ 
cates that a correlation 
should be found between 
the observed condition 
and the proportion of the 
firm albumen of eggs sub- 
3 ected to any considerable 
period of storage. 

If the findings of Alm- 
quist and Lorenz (S), 
that the firmness of the 
firm albumen is due to 
the presence of ovomucin, 
and those of McNally 
{12), that the firm albu¬ 
men contains consider¬ 
ably more ovomucin than 
the thin albumen, are sub¬ 
stantiated, the quantitative determination of ovomucin might be used 
as a more exact measure of the condition of this layer of albumen. It 
has not been shown, however, that the methods of either authors are 
quantitative or that the amount of ovomucin is related to the quality 
or the quantity of firm albumen. That they are not quantitative is 
indicated by the lack of even moderate agreement in their figures. 
Furthermore, the use of a chemical method is at a distinct disadvan¬ 
tage when compared with a score such as the observed condition, since 
the large amount of time involved in a chemical analysis prohibits 
the use of the number of eggs necessary in studies on egg quahty. 

This score is not proposed to take the place of more accurate means 
for measuring this condition when they become available. Some 
measurements of a physical nature are under study here. One of 
the most promising of these is the height of the apparent firm albumen 
weighted for the size of egg and expressed in terms of a 2-ounce egg. 
The score does, however, offer aValuable aid in studies of egg quality 
in the interim, and it should supplement such measurements as they 
become available, since it scores the sum of the factors which con¬ 
stitute albumen quality as seen by the consumer. 
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Figure 3.—Proportions of tbe 3 main layers of albumen in 4,796 
eggs less than 1 day old. 
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SUMMARY 

A metliod for determining the observed condition of the firm 
albumen of eggs is illustrated. Significant correlations were found 
between the observed condition of the firm albumen and the visibility 
and the mobility of the yolk shadow, respectively. Thus, as the 
yolk shadow appeared more visible and mobile in candling, the score 
of the condition of the firm albumen was poorer. No correlation 
was found between the observed condition and the percentage of 
true firm albumen in freshly laid eggs. It is therefore necessary to 
measure the condition as well as the quantity of firm albumen in 
the egg. 
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THE DETERMINATION OP SPRAY COVERAGE ON 

APPLES 1 


By Kermit Groves, assistant chemist, and Jambs Marshall., assistant entomolo¬ 
gist, Washington Agricultural Experiment Station 

The importance of determining the deposit of insecticides on fruit 
in spray investigations seems to have been underestimated by many 
workers in this field. ^ Piibhshed reports have frequently given com¬ 
parisons of the effectiveness of spray programs without stating the 
quantitative and qualitative nature of the deposit of the insecticide. 
It often happens that an effective insecticide gives poor control 
simply because very little of it remains on the fruit. 

The physical and chemical properties of powdered insecticides differ 
greatly. The density of calcium arsenate is about 2% g per cubic 
centimeter, while that of lead arsenate is nearly 6 g. It cannot be 
assumed that different insecticides, mixed in the spray tank in the 
same way, will be deposited in the same quantities on the fruit surface. 
Yet the weight of the material per 100 gallons of water is frequently 
the only basis for comparison employed by investigators. Compari¬ 
sons of these weights give useful economic information, but they should 
not be relied upon for comparisons of control. Eepeated analyses of 
representative samples of the sprayed fruit to determine the mass of 
insecticide per unit area seems to be the logical basis of comparison. 
This paper describes the methods used at the Washington Experiment 
Station for the determination of arsenical deposit on apples. 

Frequently more than a third of the insecticide deposit on an apple 
is on the depressions of the calyx and stem ends. If the total deposit 
is determined and the coverage is expressed as the average deposit per 
unit area, the result has little meaning. It is much higher than the 
deposit per unit area on the cheek surface and lower than the deposit 
in the ends. In table 1 are shown the results of coverage determina¬ 
tions of arsenical sprayed apples. There were 12 apples in each 
sample, and the cheek surfaces and the ends were analyzed separately. 
The arsenic in the stem and calyx ends varies from 24 to 42 percent of 
the total arsenic on the apples. A variation of this percentage renders 
the average deposit determined from the total deposit unreliable. 
The ends should be eliminated or analyzed separately. 

The estimation of the area of the apples is the chief difficulty in 
determining coverage. Apples may be considered as spheres and 
their areas calculated from average diameters. This approximation 
may be sufficiently accurate for comparisons when the apples are 
similar in size and sh ape. • 'A better approximation for certain varieties 
of apples, such as Winesap and Jonathan, can be made by calculating 
the area of the surface of revolution of a cardioid about its axis of 

I Received for publication June 25, 1935; issued February 1936, Published as Scientific Paper No. 317, 
College of Agriculture and Experiment Station, State College of Washington. 
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symmetry. Barnes ^ computed the area of apples by tbe use of this 
geometric figure^ using the equation 

Area in square mclies==:0.755 

where W is the weight of the apple in grams and D its density. 

Perhaps a better method is as follows: The area of the surface of 
the revolution of the cardioid, 


p=a(l—COS0) 

is approximately 20.1 a^. a is determined from the apple measure¬ 
ments by multiplying the diameter perpendicular to the core by 
0 . 385 , and the diameter parallel to the core by 0.444 (fig. 1). Sev¬ 
eral Winesaps, picked in midsummer, were measured in this manner 
and their areas calculated; the peel was then removed in thin panels 
and the areas measured with a planimeter. The calculated and 
measured areas agreed within 3 percent. The stem and calyx ends 
may be removed with a cork borer and the areas removed deducted 
from the total area. The arsenic deposit may be removed from the 
apples with an alkaline-soap solution and acid rinse,® the solution 
boiled down and digested with sulphuric and nitric acids,^ and the 
arsenic determined by the bromate method.^ 

Table 1.— DisiribttUon of deposit on apples 


Sample No. 

Arsenic (As 2 O 3 ) 

Sample No. 

Arsenic (AS 2 O 3 ) 

Stem and 
calyE 

Cheeks 

Total 

In ends 

Stem and 
calyx 

Cheeks 

Total 

In ends 


Milli- 

Milli- 

Miili- 



Mdli- 

Milli- 

Mini- 



grams 

grams 

grams 

Percent 


grams 

grams - 

grams 

Percent 

1. 

4.04 

8.42 

12.46 

32.4 

22. 

8.36 

11,46 

19.82 

42.2 

*> 

3.69 

5.96 

9.65 

38.2 

23. 

6.41 

11.33 

16.74 

32.3 

R 

3.32 

4.90 

S.22 

40.4 

24. 

5.67 

11.00 

16.67 

34.0 

4. 

3.60 

7.16 

10.76 

33.5 

25. 

7.55 

18.24 

25.79 

29.3 

5. 

3.74 

8.74 

12.48 

30.0 

26. 

4.33 

8.52 

12.85 

33.7 

6 

5.30 

12.16 

7.46 

30.4 

27..— 

7.42 

13.04 

20.46 

36.3 

7.. 

5.43 

9.35 

14.78 

36.7 

28. 

4.83 

7.80 

12.^ 

38. 2 

8. 

3.91 

S. 04 

11.95 

32.7 

29. 

5.89 

9.40 

15.29 

38.5 

9 . 

6.73 

14.2,5 

20.98 

32.1 

30. 

5.64 

10.00 

15.64 

36.1 

10.1 

4.34 

10.17 

1A51 

29.9 

31. 

7.13 

12.66 

19.79 

37.0 

11 . j 

3.48 

8.11 

11.59 

30.0 

32. 

7.92 

14.70 

22.62 

35.0 

12 .' 

8.18 

15.88 

24.06 

34.0 

33. 

4.54 

6.63 

11.17 

40.6 

13 . ■ 

5.49 

14.34 

19.83 

27.7 

34__ 

5.04 

7,03 

12.07 

41.8 

14 . ■ 

6.54 

9.86 

15.40 

i 36.0 

SS 

; 6.81 

: 10.13 

16.94 

40.2 

15. .. 

3.92 

8.71 

12.63 

1 31.0 

36. 

1 6.72 

10.52 

17.24 

39.0 

16 ___ 

2.83 

7.51 

10.34 

27.4 

37.. 

4.20 

11.55 

15.75 

26.7 

17. 

3,76 

7.12 

10.87 

34.6 

38. 

! 3.31 

7.37 

10.68 

31.0 

18.: 

3.46 

7.41 

10.86 

31.8 

39. 

1 3.04 

7.74 

10,78 

28.2 

19 .' 

3.42 

7.77 

11.19 

30.6 

dn 

3.89 

7.13 

11.02 

35,3 

20 . 

3.73 

8.71 

12.44 

30.0 

41. 

4.57 

7.82 

12.39 

36.9 

21 . 

3.11 

7.26 

10.36 

30.0 

42. 

1.83 

5.83 

7.66 

23.9 


2 BAENES, J. W. SAMPUNQ APPLE3 IN THE ORCHARD FOE THE DETERMINATION OF ARSENICAL SPRAY 
RESIDHS. A statistical STUDY. Iiidus, and Engin. Chem. 21: 172-174, illus. 1929. 

3 WicsMANN, H. J., Murray, C. W., Harris, M,, Clifford, B. A., Lougerey, J. H., and Vorhes, 
E. A., jR. METHODS FOB DETERMINATION OF LEAD IN FOODS. Jour. AsSOC. Off. Agr. Giiein. 17: 108-135, 
iHns. 19M. Sw pp. 119-120. 

« Assoihation OP Official Agricultural Chemists, official and tentative methods of analy¬ 
sis ... OompiM by tbe conmaitte© on editing methods of analysis . . . Ed. 3, 593 pp., illus. Washing¬ 
ton, n, 0. im See p, 307, no. 3. 

« JONES, W. C. REPORT ON PEOMATE METHOD FOR THE DETERMINATION OP ARSENIC IN POODS. JOUT. 
Awjc. Off. Agr. Chem. 16: 75-77, 1933; 17: 202-m, 1934. 

















































Dee. 15, 1935 The Determination of Spray Coverage on Apples 1141 


A simpler method of determining coverage consists in cutting a 
number of disks from the fruit with a cork borer and analyzing them. 
The area of a disk removed from a sphere may be calculated by the 
formula^ 

Area of disk=27r5 

where R is the radius of the apple and r is the radius of the disk. It is 
not necessary to calculate this area for each different apple radius; 
a table of areas may be calculated for each quarter- or half-centimeter 
radius interval and the areas of the disks taken from the nearest 
calculated radius. The disks are then digested^ and the arsenic 



Figure 1.—Diagram showing the dimensions of a cardioM in terms of a. 


determined by the bromate method.® The digestion requires very 
little time. 

In the work at this station samples of 12 apples were selected from 
each experimental plot and 6 or more disks were cut from each apple 
for analysis. A sample of this size proved satisfactorily reproducible. 
Barnes ® recommended samples of 50 apples each in order to obtain a 
result with a probable error of 5 percent. However, Barnes was 
interested in the deposit from a residue standpoint and the calyx and 
stem ends were analyzed with the cheek surfaces. The^ elimination 
of these ends, which is essential for accurate coverage information, 
reduces the variation considerably. It may be well to add that this 
source of variation is but one of several which occur between the 
application of spray and the eventual determination of cov^age. 

4 See footnote on page 114). * Saa footnota oa pags 1140. ^ ba enes, J. W. See footaate 2. 
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For example^ the type of spray mixture is of the utmost importance 
in effecting: umformity of spray application. Certain arsenical spray 
mixtures yield deposits which quickly reach a maximum as spraying 
is prolonged^ whereas others recently developed at this station have 
the capacity of leaving deposits that increase almost indefinitely 
with prolonged spraying. Thus the careful and systematic applica¬ 
tion of spray materials so necessary in any case becomes doubly 
important. Should one tree be sprayed, let us say, twice as heavily 
as its neighbor the amounts of the arsenical spray deposits on the 
two trees might readily vary 100 percent from this source alone. 

Apples selected for analysis must be handled carefully and the 
surfaces to be analyzed should not be touched. The apples should 
be held by the stem and calyx ends. While being transported to the 
laboratory they may be impaled on nails driven through boards. 
A cork borer with an inside diameter of about 1.8 cm is convenient for 
disk cutting. 

According to the wniters^ experience, the Gutzeit method, though 
useful for determining minute amounts of arsenic, such as occur in 
residue samples, is less suitable than the bromate method for ascer¬ 
taining the relatively large amounts which are encountered in measur¬ 
ing deposits. In the latter case the 10 percent error expected in the 
Gutzeit method ‘ compares to less than 1 percent in the bromate 
method.® Coverage determinations by the disk method correlated 
unusually well with control on arsenical sprayed plots. 

’ Babnes, J. W., and Murray, C. W. accuracy of the gutzeit method foe the determination 
OP MINUTE QUANTITIES OF ARSENIC. Indus. and Engin. Chem. Analyt. Ed. 2: 29-30, illus. 1930. 

sjONES, W. C. REPORT ON ARSENIC. JouT. Asso. Off. Agt. Chem. 16: 325-329. 1933. 
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